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C0<£) An apparatus for controlling steering of wheels of a velifcle comprises a control means, a drfv&ig means, and 
^an actuator means. The control means comprises a feed fon^fard signal operating means, a feed back signal 
operating means for generating signals fbr variables representing vehicle behaviors and output from a vehicle 
^behavior sensor, and a control signal operating means for calculating a difference or sum of the signals output 
a^from the feed forward and feedback slgnaf operating means. The feed forward signal operating means comprises 
lUa steering angle signal circuit, a steering angular velocity signal operating circuit a steering angle signal 
operating circuit having a first coefficient circuit for multiplying a steering angle signal with a coeffksient, and an 
adder for adding the outputs from the steering angle signal circuit the steering angle signal operating circuit. 
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capacity a«.^ a ..a ^„ 

vehicle behavior* ^rospstit toa^Z^l^^L ^ ^ *^ ch"9«» m 

comprises a gain ch«,flli1„^iTJS.S'ip?:3'^^ «f 2^ t^'P' ^''^ 
ope»HUno means. '^'^^ ^o^flcw* *> the feed forward and feedback sfgnaf 



SJESRW9 
SENSOR 



VEHCLE 



5Li 



FIG. I 

2t 



n 

^-i 



01FFERENTIATCW 




02 



5ii 



DRIVING 




7 


ACTUATOR 
MEANS 







WHEELS 



— VEHICLE 



2 



0 27& 366 



APPARATUS FOR CONTROLUNCI STEEHINQ OP VmEBLS OP A VQ4ICLE 



BACKGROUND OF THE UWENTION: 
I. Fteid of the Invention 

5 

The present Invention relatee to an apparatus for controlling storing of wheels of a vehicle and, ittore 
particularly, to an apparatus for controHIng steering of wheels of a vehicle in which a high conwtlon 
capability of variabiee represantfng vehicle behaviors Is provided against disturbance such as side and 
gusty winds, and high response for choiges In vehicle behaviors in response to a steering Input such as 
10 rapid steering or vehide turning with a large radius. 



li. Description of tiie Prior Art 

15 TraveHng perfonnance and steering stability of a vehicle primarily depend on a yaw rate {r.e., angular 
velocity generated around the center of gravity when the vehicle is viewed from the top) of the vehicle 
raspomS'ng to a steering input, 1^.. a steering wheel operation, or a latorai acceleration (he., an acceleration 
acting on the center of gravity of the vehicle in a dErection perpendicular to the vehicle traveling direction. 
I.e., an acceleration parallel to the traveling direction of the vehicle). 

20 It Is an Ideal to guanantee safety for causing the vehicle to travel str^ht according to the will of a driver 
wfthout being Influenced by disturbance such as a side wind or a road surface friction coefficient when tiie 
vehicle is to quicldy respond to tiie steering Input or Is to be driven straight 

In order to provide both dynamic characteristics and stabtHty described above, J^)anese Lald-Open 
Patent Publication 60-161266 describes an apparatus obtained by combining feed forward cOTtrol and 

2B feedback control. In tills apparatus, the foUowing two methods are used. The first method is to control 
traveling performance and stability by a value obtained such tiiat a differential value of a diffierence obtained 
by subtracting a coefficient multiple of a yaw rate or a lateral acceleration from a steering wheel angle is 
added to the difference, as shown in Rg. 2. Tlie second method Is practiced as follows, as shown In Rg. 3. 
A value is obtained by multiplying a coefticient witii a differential value of a steering wheel angle and Is 

30 added to the ateering angle to obtain a sum. The sum is used as a feed forward signal fbr auxiliary steering 
of the rear wheels, and the vehicle beiiaviors are used as a negative feedback signal for BU)crtlary steering of 
the front wheels. The drawback of feedback control is canceled with that of feedliack control. 

In tiie auxiliary steering apparatus described above, when a driver rapldty turns tiie steering wheal In 
order to detour an obstacle, auxiliary variables rapresenting vehicle k)ehavlors are rapidly increased by a 

99 control value influenced by ttie differential value, and the vehicle Is rapidly tumed. Heavy mental toad 
imposed on the driver is caused by rapid vehicle turning. In tire worst case, tiie driver M^essh/ely turns tiie 
steering wheel, the vehicle loses stability, and a traffic accident may occur. When tiie vehicle travels along 
a curved road having a relatively large radius {e.g.. a highway), ttie differential value fs rarely influenced on 
the vehide behavtors. The feed fonvard signal is decreased, and undereteering in tiie vehicle Is caused as a 

40 whole. As a result, traveling performance of tiie vehicle Is degraded. When an external force acts on the 
vehicle due to a side wind, ruts, or steps, tiie driver tends to turn tiie steering wheel wm a guess so as to 
respond to accidental disturt>ances. Such steering Increases the differential value, and oversteering may be 
caused to lead to unexpected vehicle t)ehavjor8. 

The above disadvantage of the conventional auxiliary steering apparatus is caused by feed forward 

46 control using a steering wheel angle and a value obtained by multiplying a dtfferentiaJ value of the steering 
wheel angle with a coefficient. The Influence of the differential value \s Increased as compared with the 
normal steering apparatus, and desired control cannot be perfonned. When tiie coefflclent multiplied with 
the differential value Is decreased, a total gain Is reduced and tiie control system In ttie vehicle Is 
substantially tiie same as tiiat of feedback control. Optimal control cannot be peribnrted by the above* 

50 mentioned auxiliary steering apparatus. 

In the auxiliary steering apparatus shown In Fig. 3, independent control operations are perfbnrad for the 
front and rear wheels. Behaviors of tiie front and rear wfveels are Independentiy perfonned and tiie required 
control apparahjs is complicated, thus increasing the overall weight and the like of the vehicle and hence 
feiGng to obtain tiie desired conM effect 
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Sin^MARY OF THE INVENTION: ' ' 
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responding to a steertng input to pZommS^l^n^ *™* '»^^'«- c«wnff« 

environmental situations aS^l^trTheS!^^ corresponding to changes in inside and oijde 

~ -^^^"^To^VlZl^Sl"^^ f ^ «-Hng v^eel angle 

feed forwart centre,, in o«ter Wn^^aS^^Sn^t 't!'*^^ 

coefficient multiplea of the steering JSJannte :« .'"^ ^ too" v«h«« as 

values in feed Ibn^ cont? X JJ^ltTrSSnSS SS^ST J" * "^^ ^t^'^^oned t«o 

" "^Tl""^ ^^^^TcJZ'^l'"^"^'" Of feed torwa«, control and 

steering wheel angle In order to priW? S^<5SL m^"^ ^ °* dlfferanttal value of the 
Imposed on the driver can be «SuS?S l^v^t^T^^J^"'"^ rnetalioad 

steering conwponding to chanaesTSa «nH ™f ^ inventors paid attention to realization of optimal 
vehicle by changing c^SV^^J^ J jl^^^'^ wivironmental sftuaBons associated wfS; the 

arid by detemiioing coefficients of Ihe cyiZlT^^^^^, ^'c'e wheels 

vehicle travel state varlaWee with the^hSfS^SlSSo^ '^'^ """"^ "V the 

supp^S chrge?lntiS;t^r S ^Tple'^tnt.Sr ^ ^^^^^^ can be operated to 

feedback systenTaTciSoTirusl^LSe^at^^^ operations, and the gains of the 
as the yaw rate can be therefo^iJi^d TS^S^ k^^L?® "^'^ «»haviors such 

large noise comp«,ent tends to be rZdTn stl vSs Lt*?*"" ^If^ «^ " = 

sensora occurs, the gains of the coeffS clSSsTSlfSJl^ "^"^ when operation failure of 
reduced to eioninate the influences Cm^l^eH^J^;^'^ ^ 

^P'^^7Z^.ieZTS:^T£S^^^ ^ - verifies 

wheel: vehicle behavior sensor Ilf S dVtJSi^^ ^2^- JL^!^^ ' '1^'^ ^ ^^te of a steering 

I" comprising a feed forward sigTaCX L^^J 7^^^^ ^ 
control signal operating mear« Jll,. thTfeed fomS? riLi !^ ^^'^ '^'^ '""^ «'«• ""^ " 
Steering angle signal circuit III., f^r oStoufflng a SLrTno ir^^^ " 
without processing, a steering anale sl3 n™L^„!T 2 .^^ ® the steering sensor 

circuit III... an adSer itr'adS staSs frorlVf"^*"^ ^"'""^ °Pe«ti^g 

angle signal operating circuit lir a^i 2?.S '^f «"9'e «>9nal circuit III,,, the steering 

steering angle'signal%pSL"ft ?„ "^'^ ««« t!2 

multiplying the Steering angle iS^l a cSLnt i^ -^ * coofficiem circuit lii„ ibr 

cirouit ill,, being farther pSvldS^Jth fdwSS u?''^tl^^^ ^^"^ ^'S"*^ ""^^Snfl 

from the ateering angle signai ar^ a^ZT^^l^^'^'V'^ ^'"B angular velocity sign^ 
velocity signai with a^coeffiLtlrt^^ediklSS ooe^^^ angular 
b^svior stete variable .go_a. ope..^ .^ST^Sr^^TrS ^.TS'^S^^^Z 
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sJgnala for variables representing the vehicle behaviors, which are output from the vehicle behavior sensor, 
with a coefficient and being adapted to generate a signal output from the vehicie behavior state variable 
signal operating circuit liln as a feedback control signal, the control signal operating means Ilia being 
provided with an adder/subtracter III,, for perfonming an addition or a subtraction of signals output from the 

6 feed forward signal operatlrig means ill. and the feedback signai operating means Ilia to produce a steering 
control signal: a driving means IV for amplifying a power of the staering^corrtroi dgnai as an output from ttte 
control means III, and an actuator means V for so controWng as to provide an optimal steering angle to front 
wheels or rear wheels qn the baels of an ampflfied output from the driving means iV. 

The above-mentioned apparatus for contrdllng steering of wheels of a vehicle has the ftolltFWing 

TO functions and effects, in the steering sensor I, the steering angle of the steering wheel Is converted Into an 
electrical signal corresponding to the steering angle. In the vehicle behavior sensor II. the variables 
representing the vehicle behaviors are converted into electrical signals and the like corresporKlIng to the 
.verifies representing the vehicle behaviors. In order to optimize the veWcle behaviors responding to' the 
steering angle, the electrical signals output from the steering sensor I and the vehicle behavior sensor 11 are 

fs processed in the control means III. In the control means III, vehicle corrtrollabilrty for steering is Improved by 
generating a signal representing a control steering angle exceeding the measurad steering angle. This 
signal Is generated by the feed forwand signal operating means illi. The feed forward signal operating 
means III, comprises the steering angular velocity signal operating circuit \\U provided with tiie differentiator 
Ilia and tiie second coefficient drcuit lll,i to diffarentiaHy Increase or decrease the steering angle, the 

20 steering angle operating drcuit IIU provided wHh ttie first coeffident drcuit lll,t to con^ the magnitude 
(coeffldent Q,) of the measured steering angle, and the steering angle signal drcuit lll» fbr supplying the 
steering angle to the control means without processing. When the variables representing the vehicle 
behaviors are rapidly changed, these changes are suppressed by the feedback signal operating means 111^ 
The ieedback signal operating means in. comprises the vehtele behavior signal operating drcuit ills 

26 provided with the tiiird coefRdent circuit lit. for multiplying tiie coefficient Qa for determining the feedback 
amount with tiie signal from the vehicle behavior sensor II for detecting the variables . representing the 
vehicie behaviors. Therefore, stability of the vehide can be Improved. 

A steering angle 5 of ttw steering wheel Is converted Into a feed forward signal having a value of 
54- G,« 6 -t-G^s by the feed fonward signal operating means III,. The feod forward signal and tiie signal 

3d generated by tiie feedback signal operating means are subiected to an addition or subtraction In the control 
signal operating means III,, tiiereby generating the steering control signal. 

The driving means IV amplifies the steering control signai Into an actuator drive signai for driving tiie 
actuator. The actuator drive signal Is used to drive the actuator in tiie actuator means V so as to apply an 
optimal steering angle to at least one of the front and rear wheels, 

OS In the conventional technique, the feed forward ^gnal is obtwned by multiplying tiie differential value of 
the steering wheel angle with the coeffldent 0^ When the driver abaiptiy turns the steering wheel* tiie 
steering wheel angle B and a differential value e of tiie steering wheel angle are output The vehicle Is 
rapidly turned to cause an unexpected behavior. The driver must turn tiie steering wheel in a complicated 
manner. For this reason, accondlng to the present Invention, the Influence of the differential value i is 

40 canceled by a value of a coeffident multiple of tiie steering wheel angle «, thereby assuring steering 
stability. 

By using the apparatus for controlling steering of wheels of a vehicle, as described above, the value of 
tiie multiple of tiie steering wheel angle coefftdent can be subtracted In addition to an addition of the 
differential value of tiie steering wheel angle so as to prevent abrupt turning of the vehicle when tiie driver 
45 abruptly turns the steering wheel. Abrupt behaviors of tiie vehicle can be suppressed. As a result, tiie 
mental load on the driver can be reduced, and safety driving can be assured. In addition, the apparatus can 
be quickly operated In only tiie Initial period of abrupt turning. 

As for vehide turning with a large radius, tiie value of a coefficient multiple of the steering wheel angle 
can be added. Understeertng of tiie vehide can be reduced and safety can be assured under feed forward 
60 control without degrading tiie dynamic characteristics of the vehtele. Therefore, auxiliary steering of ttie 
vehicle which is substantially lyee from disturbance and highly responsive can be performed. 

When the driver turns tiie steering wheel with a guess against an accidental disturbance after an 
external force acte on tiie vehicle, tine value of the coeffident multiple of the steering wheel angle Is 
subtracted to reduce ttie influence of tiie differential value, ttiereby assuring a safe behavior of tiie vehk:le. 

65 
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BR>EF DESCRIPTtON QF THE DRAWINGS: 
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R9. 1 •« a schematic Week diagram showing the prindpis of the present Invention- 
acco^.SS'to^i'lt^'SS^^th'JS^iSZ^or "^"^ 01 Wheels Of : ve^-iCe 

sre ssri^eSor "-^""^ ^^^^ 
««ordSjtS i'i,;,itr;mfp':^'e's^^^^ ^ -^-^ « -..ce 

acccn.!;'?-to'iVurmS°ofr^^^^ '•-^"^ -heeis of a ve..Ca 

a«x«.S- ' a" JtJ'JtSat Sfp'ret'SZa^ti".^^'"^ "'-^^ «^ « 

accoTdSj^r^srsT^ "reSriiSor^ ^^^^^ ^^^^ 
scoorZi J --^-^ - of a veh..e 

^^^ii'.l^'^^T^Z •^^^ "'^ '"^""^ "^'"^ Of a vehicie 

accordS-t^'a tir^o^lf .SiT^^^^ -"'"8 whee. of a vehteta 

accorZt^V^Sr^rof'rpiS:^^^ -^-^-^ -^-^ « vehic^ 

accorJiJ-t^VJuSSTrSe'S^i^^^ --"^ of a vehic^ 

Fink^ li'^^^f^*^' explaining the principle of estimating u according to the present invention- 
DETAILED DESCRIPnnM qf the PREFERRED EMBODIMeiMTS- 
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First Mode 

The ffrst mode of the present invention is shown in the blook diagram of Fig. 4. A control means ill is 
connected to a vehicle state detection sensor IV and a first coefficient circuit liln. The vehicle state 
s detection sensor IV detects vehicle travel state variable with the vehicle travel such as a vehicle velocity, a 
vehicle load, a wheel load, a vehicle wheel velodty, a vehicle wheel angular velocity, a road surface shape 
(e.g., sprung relative displacement and velocity), and so on. The control means Hi comprises a gain 
changing means WU for changing a coefficient of the first coefficient ctrcuit Ilia on Ihe basis of the signids for 
vehicle travel states. 

10 The function and effect of ttie first mode having the above characteristic feature will be described 
below. 

A steering serwjr I detects a steering angle of a steering wheel and generates an electricai signal 
con^sponding to the steering angle. A vehicle behavior sensor II detects a change In variables representing 
a vehicle behavior and generates an electrical slgnai corresponding to ttie change. The vehlde detection 
15 sensor VI detects the vehk^ie travel state such as a vehicle velocity, a « vehicle load, a wheel lo8d« and a 
vehicle wheel velocity and generates electrical signals corresponding to these state variables. 

A f^ed forward signal operating means 111, comprises a steering angle signal circuit III,, for ootputting 
the steering angle without proces^ng, a steering angle elgnai operating circuit Ilia provided with the first 
coefficient circuit lil.^ for con-ecting a magnitude (l.e., a coefficient Q.) of a steering angle for the detected 
20 steering angle, and a steering angle velodty signal operating circuit IIU provided with a differentiator Iltu for 
differentiating the steering angle and a second coefficient drcuft Ills. In order to qytimize the vehicle 
behaviors for the steering angle and the like detected as the electrical signals output from the steering 
sensor i and the vehicle behavior sensor II, the feed forwanj signal operating means lilt in the control means 
III converts the input steering angle s into a feed forward signal B+Q,m i +Gs«j and a steering angle 
S6 exceeding the detected steering whee\ angle is applied to shorten response time of the vehicle. 

In a circuit in« for operating variables representing vehicle behaviors, having a tfiird coefficient drcuit III., 
for multiplying a signal from the vehicle l^ehavior eensor II with a coefficient 0, for determining a feedback 
value, the vehicle behavior state variable a is converted Into a feedbaci( signal G««a. When the variables 
representing the vehicle behaviors are abruptly changed, the feedback signal is used to suppress the abrupt 
30 change, thereby stak)ill2jng traveling of the vehicle. 

A difference between tiie feed forwand signal generated by the feed forward signal operating means and 
the feedback slgnai generated by the feedback signal operating means Is caiculated by an adder/sulrtractor 
III31 in the control signal operating means Hi, to generate a steering control signal. 

The steering control signal is amplified by the driving means IV as an actuator drive signal for driving 
3S the actuator. The actuator drive signal is used to drive tiie actuator in tlie actuator means V so as to apply 
an optimal steering angle of either the front or rear wheels or both. 

The gain changing means nu can change the coefficient ^ be refenBd to as a gidn Q) Q, of the first 
coefficient circuit lilts on the basis of the signals for vehicle ti^vel state variable with the vehide travel, such 
as a vehicle velocity, a vehicle h>ad. a wheel load, and a vehicle wheel velocity, output from the vehlde 
40 State detection sensor VI. 

WItii the above anwgement, the gain Q, of the first coeffident circuit 111., can be changed in 
accordance witii the vehicle states such as a vehlde velocity, a vehicle toad, a wheel load, and a vehlde 
wheel velocity. Even if the vehicle velodty is changed, the contirollabillty for the behaviors for steering of the 
vehicle can be kept constant. Therefore, vehlde controllability and vehicle stability can be improved. 

46 

Second Mode 

The second mode of the present invention is shown in the block diagram of Fig. 5. 

50 A control means 111 is connected to a vehlde state detectton sensor VI for detecting vehicle travel state 
variable with tiie vehlde travel, representing the vehicle, such as a vehtole velocity and a vehlde load 
and/or an outside environmental situation detection sensor VII for detecting an outside environmental 
situation such as a road surface condition and a first coefficient drcuit ltl,^ The control means ill comprises 
a gain changing means III4 for changing a coefficient Q, of the first coefficient circdt Ilia on the basis of 

55 signals for vehicle travel state variable with the vehicle travel and output from the vehicle state detection 
sensor VI and/or signals for state variables representing outside environmental situatione and output from 
the outside environmental sltudtion detection sensor VII. 

The function and effect of the second mode having the above oh^acteristfc feature will be described 
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- betow. - ■ ' ~ - ■ - - ■ 

h^K^^""*"^ 'f*" ' a «te®"n9 angle of a steering wheel Into an elecWcal signal. A vehicle 

5 optlmto the vehicie behaviors for the steering angle. More specifically, a feed forwartl stgnal operSna 
a3'ol;.Sr*t' "'^'^ "T^ ' « ^ «'9"aJ i*Q.. S .Q,.a. tS? feed fo:SS 
dmerentlator lUu fbr dlfleremlattng the steering angle and a second coeffldent dtcuft m... a steerino e^te 
Signal operafing means IH„ provided with the first coefllctent circuit III, tor correcBni a ^le 

angle without processing to the control means. awenng 
i" * «P"fa«ng signals for variables lepreserrting vehicle behaviors hawno a third 

fh« fl'!IISr!^'^.^®"-!Il!J1f*^ "3"^ generated by the feed forward signal operating means and 

m ^^^^ • f^r^^^^y ^« «'9«" Wflng tneans is caiculalld by an atMer/aubtmoS 

III3, inthe control signal operaUng means III, to generate a steering control signal ««™oiDr 

Ir^^" '* ""P"™**" '»y driving means IV as an actuator drive signal for dr^•^nfl 

2roSS"J?„«**T ««9™' to drive the actuator in the actuator means V so ^i, apSJ 

an optimal steering angle of either the front or rear wheels or both. 

th» 1111^5"*^ ^I?*"? mf^u,".'' '''^ coefficient (gain) Q, of the first coefficient circuit III, on 

the baste of the signals fbr vehicie travel state variables with the vehide travel, such as a vehicie vetodhr a 

«S,«L ^ * Whe" *«» 9««n «*sn9lng means ll! 

2 ®' °" °* ^""^y- the Ld surface ?onditiS. aS 

i.Si^ir^T^l'^ «»"^"<^'"9 and output from the vehlcKcS 

*»^^.!!L "f*^ environmental situation detection sensor W. the response characS^ 
^ K ^ J^*** tehavlora for steering can be kept constant event If the vehicle ve^ is Suuned 
thereby further improving vehide contronabliity and vehicle stabinty cnanged. 
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SLSI^^f/^^ 2^.? '*J^0jr««"« connected to the fi,«t coeffident drcuit ill, and the 
second eoeftoent circuit 111^ The coeffidents In the first and second coefficient circuits ill„ and III. ara 

t?B vlS^JSt'S^' "^^^^ "'^'^ ^^^""^ ^ travel and Sxrt f^m 

the vehicie state detection sensor and/or the signals for state variables representina outside ef)vl3»nM 
s.tuaflons and output from the outside envlronmwtal situation detection sX? emrtronmentel 
beiJJ® fonction arKl the effect of the third mode with the above dwacteristic feature will be described 

The gain of the second coefficient drcuit III. included in the feed forward signal ooeratina means lli 
first coefficient drcuit ill,, is small, the gain Q, is decreased accordingly «• or wie 

annirr,m!ii'2'-n ♦h'^^*"'^"^ the following effect is obtaned when the differentfaj value of the steering 
^ f ^ " *® ^ *® ''"^'^ ®^"y «*«n0W the lanes in a wide road. 

af^«n"nf flu ^ 9^'" <3' °f *e first coefficient drcuit III. for correcting the magnitude of the 

SSifS "^^^"^"^ correcting the magnltSe "So 

S^^hiS"! f ''r'""' " understeering so as nrt to cauS degraStS 

2S It fn^/^ts *^ -^'P"* fr^-" the vehicie state detecBoJ 

^i^J^ ! * ^"^'^^ representing outside environmentel situations and ^ 

from the outside environmental situation detection sensor VII. 

When the gains Q, and G. of the first and second coefficient drcults lll„ and lil« are Icept small tbr the 
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Seeding edges of the steep steering angle signal curve and the ateep dffferential value curve of the steering 
angle signal, oversteertng of the vehicle can be reduced and stable vehicle behaviors can be assured. A 
better control effect than that of the second mode can be obtained. TTierefbre, better vehicle controJIabinty 
and vehicle stability can t>e guaranteed. 

a 

Fourth Mode 

The fourth mode of the present Invention is shown In the block diagram of Rg. 7. In the arrangement of 
to the third mode, the gain changing means III4 Is connected to the first second, and third ooeffldent circuits 
lilts. and lit.,. The coefficients of the first, second, and third coefficient circutts Ilia, \\\^ and lll«, can be 
changed on the basis of the signals for vehicle, travel state variables with the vehicle travel and output from 
the vehicle travel state detection sensor and/or the signals for state variables representing outside 
environmental situations and output from the outside environmental state detectJor sensor, 
79 The function and tfie effect of the fourth mode having the above characteristic feature m\\ be described 
below. 

The gain Qs of the third coefficient drcuft 111,, Included In the feedtiack signal operating means ll(> Is 
decreased when the gains Q, and of the first and second coefficient circuits III.1 and ilU included In the 
feed fon^vard signal operating means lil, are iarge. Le.. when the vehicle behavior response to ttte detected 
20 steering angle applied by the drfver Is high. However, when the gains Q, and 3, of the first and second 
coefficient circuits Pi,, and IlU In the feed forward ^nal operating means Id, are small, l.e^ when the 
vehicle behavior response to the steering angle applied by the driver Is low, the gain G3 of the third 
coefficient circuit 111,, In the feedbacl( signal operating means III, is increased. Therefore, a better control 
effect than the third mode of the present Invention can be obtained. 

25 

Fifth Mode 

The fourth mode of the present Invention is shown In the block diagram of Rg. 8. In the arrangement of 
30 the fourth mode, the gain changing means lil4 is connected to the vehicle stats detection sensor VI and/or 
the outside environmental situation detection sensor VII. and the steering sensor I and/or the steering 
angular velocity signal operating circuit IlU. The coefficients or gains {Q, to GJ of the first to third 
coefficient circuits can be changed on the basis of the signals for vehicle travel state varlabte with the 
vehicle travel and output from the vehicle state detection sensor VI and/or the signals for state variables 
35 representing the outside environmental situations and output from the outside envirormiental situation 
detection sensor VII. and tiie steering angle signal from the steering sensor 1 and/or tfte ateering angular 
velocity signal from the steering angular veioctty signal operating circuit 111,.. 

The function and effect of the fifth mode having the alcove characteristic ftoture will be described 
below. 

40 The feed fonvard signal operating means 111, In the control means 111 cateulates the control signal on the 
basis of the steering angle of the steering wheel. The control signal calculated on tiie basis of ttie variables 
representing the vehicle behaviors is calculated by the feedback ^gnal operating means lili. These control 
signals are processed by the control signal operating means III,, thereby generating an optimal steering 
angle. 

46 The optimal gains of the first and second coefficient circuits il„ and lU In the feed forward signal 
operating means III, and the third coefficient circuit ill,, in the feedback signal operating means 111, are set 
by the gain changing means IIU in the control means ill. 

These gains are preferably not only changed by the vehicle travel state variable with the vehicle travel 
such as a vehicle velocity and a vehicle load and the state variablee representing the outskle environmental 
so situations such as a road surface state, but also changed by the will of the driver. More preferably, the 
gains are automatically changed. 

The present inventors proposed the gain changing means liU for resetting the gains on tiie baas of the 
steering wheel angle and the steering velocity, both of which serve as factors for reflecting the driver's will. 
The gain changing means ilU sets small gains Q, and Q, and a large gain Q, when tfie steering wheel 
55 angle is smail. In this case, the gain changing means IlU determines that the drfver does not Intend to turn 
the steering wheel. However, when the steering wheel angle Is Increased, the gain changing means IlU sets 
large gains G, and G* and a small G,. In this case, the gain changing means IlU detenmines that the driver 
intends to turn the steering wheel. When the steering velocity is high, the gain changing means IlU 

8 
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JS^^Tftf^Lirf ^'"'^ t ^""^ '""^ In tttte QMe. tiw gains Q. Gt" and G. 

wLri^K '^^l"^""®-- *e ^ove case wherain the steering wheel angle is laje 

fcrw^ Cl ^fte^SSSrT^^r 'meena fl£ the' ^iituCe of the feed 

»i°nr"s%"2ri''T^^^^^ ss-rr 

component and therelbm the «ponse«^ "e™" " « ""^^ 



Sbcth Mode 



changed on the basis of the signals for vehicle travel state variable with the vehicle travel andaute^*™ 
steenng^le signal from the steering sensor I antUbr the steering angular vetod^^Tfr^JTS steeri™ 

betoT" and elfcct of •» sixth mode having the above chaneteHsdc featu.« wfD be described 

feed^J^rlTlnT" "T* °" ^ ''i* vehicle travel Is caiculated by the 

Sr^^ S'^bSrsTil^.L^br^^^^^ baaed on .^aJiS; 

8lQnirL«S ™ *e and second coefficient circuits lll„ and lll„ in the feed forward 

^i^^^JTZ LT^ T"^ "^'"^^ ♦^"■^ ^cuit 111,, in the feedback 

operrtng means III. are set by the gain changing means 111, in the control means III. * 

* .. ™ Oains are defennined by the steering angular velocity or the vehicle veiodtv sensor vi ih« 

fbltowlng problem occurs. For example, when the steering sensor I fbr dei^g 1SelSrTna31 «; E 

rale a f^S Slip's 'fl"? " <^t»?r^s7S,2 ^t 

outoir^fJlf 'fi S^y'*' estimated) by only the steering angle sianai 

SSSnJSeSnf^Ih^ r""- ' t"" "'^ '^^""S ""^"'^ '^''^ ^'Snai are input^ fnf^atio^S 
chai^h^ the gains set by the gam changing means III.. IWIore accurate control can be ttierefbie a<Meu»d 

reSfng "Smir^oST' ^ ^ ^ '^^^ a rela«vely simpte mechanK 



Seventh Mode 



The seventh mode of the present Invention is shown In the block diagram of Ra 10 In the arranaement 
Of the second mode, the gam changing means III. is connected to: at lea^ one of vehtete 
sensor Vi for detecting the signals for vehicle travel state variable wl^e JiSletiSlScS^ 22 
velotity and a vehicle load and/or the outside environmental stoion deto:tZi,^ 
signate for state variables representing the outside environmental ^^"2^ 
rainfall, and an ambient temperature, and/or the steering sensor 1 and^or ft^ ^T^^SS^ 
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operating circuit 111., and/br the vehlcie behavior sensor II; and Itie first coefficient circuit lllis. the second 
coefflclent circuit in,s and/or the third coefficient circuit lllai. The gain changing means comprises: a sense- 
of^ituation determining means IIU, detenmlning a present situation Judged by the human senses on the 
basis of a signal of at least one of the vehicle state detection sensor VI and/or the outside envlronmental 

5 situation detection sensor VII and/or the steering sensor 1 and/or the steering angular velocity signal 
operating circuit llt,« and/or the vehicle behavior sensor II; a vehicle state detemninlng means JlLa for 
determining the required degree of vehicle stability and vehicle oontro(lability cm the basis of the 
determination result from the sense-of-situation determining means IIU,; and a gain decldir^s means Ill4a for 
deciding the gains G. to Gi on the basis of the determination result from the vehicte state detenfnining 

70 means Jll«i and outputtlng the optimal ganrts to the first coefficient drcuH lllq and/or the second coefficient 
circuit IIIm andAor the third coefficient circuit Ilia.. 

The Kinction and the effect of the seventh mode having the above characteristic feature will be 
described below. 

The gain changing means 1IU receives at least one of the sigr^als for vehlcie travel state variable with 
16 the vehicle travel such as the vehicle velocity and the vehlcie load and output from the vehicle state 
detection sensor IV. the signals for stete variables representing outside environmental isituations such as a 
road surface state, rainfall, and an ambient temperature and output from the outside environmental srtuation 
detection sensor VII, the steering angle signal from the steering sensor 1. the steering oiguiar velocity signal 
from the steering angular velocity signal operating circuit IIU and the signals for variables representing 
20 vehicle beiiaviors and output from the vehicle behavior sensor IL 

The sense^f-situation determining means liU. determines the cun'ent situation, Le.. the degree of the 
vehlcie velocity, the degree of the vehicle load, and the degree of the steeHng angle, on the basis of the- 
input signal. 

A necessary measure M for the vehlcie response In units of behavior variatries with slight ambiguity 
25 given by the situations determirted by the vehicle state detenmirtir^g means Ilio Is calculated In accordance 
with conditions (1) to (8) given as follows: 

(1) If the vehicle velocity Is high, the response time is prolonged. 

(2) if the vehicle load is heavy, the response time Is prolonged. 

(3) If the road is slippery, the response time is prolonged. 
30 (4) If the rainfall Is high, the response time Is prolonged. 

(5) if the ambient temperature Is low, the contrcliablDty is prolonged. 

(6) if the steering angle is large, the controllability is shortened. 

(7) if the steering angular velocity is high, controflabilfty is shortened. 

(8) if the variables representing vehicle behaviors are large, tiie resopnse time Is pmicnged. 

36 If the detected slfuation is given according to condition (1), an expression is given such that "if the 
vehicle velocity is relatively high (i.e., a value corresponding to the situation detenmlned by the sense-of- 
situation determining means lILi). the controllability is prolonged accordmgly". For escample, as shown tn 
Fig. 10. the measure for the degree of vehicle vatocity felt by the human senses is determined by the 
sense-of-sHuation determining means II[«, when the actual vehicle velocity is detected by the sensor. The 

40 value of the degree obtained by the sense-of-situation determining mear^s 111*, is converted Into the 
necessary measure M (the necessary measure for response In this case} by the vehicle state determining 
means 11143 provided wHh a function operatic section lilo,. 

Gains G, to Gi suitable for the cunrent situation are decided by the gain deeding means \\U» on the 
basis of the necessary measure M. The con^sponding gain is supplied to at least one of the first to third 

45 coefTictent circuits iJI.i, ilU and III,,. 

By arranging such a gain changing means IIU, an accurate control value can be given for any situation 
which can be hardly expressed (i.e.. the de^ee of the vehlcie velocity or the degree of steering angle can 
be accurately expressed). Therefore, all situations can be controlled, and a better control effect can be 
obtained. 

50 

Bghth Mode 

The eighth mode of the present Invention is shown In the blocl< diagram of Rg. 11. In the seventh 
55 mode, the gain deciding means IU42 included in the gain changing means 111« includes a memory IIU for 
calcutating the gains on the basis of the necessary measi^e for vehicle stability and vehicle response and 
storing the calculated values, and a gain selector lll« for selecting the ^in values from the memory lllu on 
the basis of the detenninatlon value from the vehicle state determining means III*!. 
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10 



beicH!* ftKicBon-and affect 6f th. eighth „,oda having me above chan«eris«c featira will descrtbad 

characterwce of the vehWe onZbLte J^Sfe L^lS,?: gain values for aohlaving optimal dynamte 

The sain selector Ml. selwtsfte^n vS^S '**"»^ 
n«:essary measures. The sele^d gai™ ari o«;.??£ £t t ZT'^f*'""'" '"P"* 

By providing the gain deddlno means T 8«rd coefflclarrt drcults IIU and III... 

Obtained vvherein the gain vS^<^!ZJ^r>^T^ .T"^' *^ '^'^^'"^ 
raaponae can be ImmaSafely ^^^7^^ J'^">^ ^ >^hide stability and 

flexible eomml corresponding to^SrL^^^.J'Sn*^^^ ^ « 



t6 



Nfrrth Mode 



do 



35 



40 



gain for maximizing vehicle Stabllli «d ! r^nsl trS? ! storing a ataUlfty prforlj 

gain cafeulation section IIU for wSjIg ^i:o^:^ T "^'^ '^"^ -"^ 

^ ami affect of the nmth mode having the above charactertstic featura »IB be described 

vehide stability and pracabulated respoia prtST^SfQ 1f« ^^.^^'^f ®" *° ^axlmlzlna 
stored in the memoiy lll«. These prtoS^nsare^hf,S«^ J for maximizing the vehicle response are 
The gain operation eet^rZ^^^,^ J^., ° «l«t»n^'nlng their values. 

'Mponsa priority gains eTto^ ^^S^^oT^f ^ *® ^'^^'^^ rmprovwnent and the 

measure. TT,e^L'uctsa«;dde?to^LSS^ """^ 

to the first to third coeffident circuits m„ iraSd ^il '° ®" ^ O""® 3, to Q, are respectively output 

<^^^^^tTZ'^Z^^ — IS incuded in the gain 

necessary stability and ^ow^9^m^^,J^ ^f^^ ""^^ corresponding to the 

Thereto™. flexlbl?^controiro^c»^i^^nh.enlsJi^^^^^ ""^^ ^ 
not be sto«d h the memory 111^ ^^ fte si?^ ,5 So^Lin ch^ ^"'"^ of data need 

me overall sysfem ,„«^«„^^ ^ ^ ™.S;S^~:^^^^^^^ 



Tenth Mode 



60 



55 



raprasentinfl vehicle behavtea on the S;isTaSSnarr!r.°„ 

algnals for vehlda tmvel state va^^s^ Se\^^fr^^'l„^'^'^!^^^ ««««*"fl "«or i and 

u estimating means lll« for estimating ^o^tT^^rLT^ 'T^J'^ ^ ^ « 

basis Of the vehicte behavior st^T^Z^^ JS^I^lT^ ^ ^ ^ on the 

astfmatlng means ill., and thng^S tor Sw^rS^TJl^^^^ 

vehide behavior sensor 11; and a comt^^Jl^^ ""^ ^ 

coefficient Of at least one Of first saeonTLT^ ^^'^'"S ^^ans IIU for changing the 

«s.«ma«on signal out,rfrSm u J.^"?!^,? '"r ^ 

an optimal coefRdent to a corresponding Sfid^rdi ' ^ ^ "^^"^ '"^ 

betol'' ""^^ Of the fenth mode having the above cha«cteriatlo f^ will be described 

vad.2:.:s;^^:X':ir itr^^^ rrf -timates the 

» ors on me basts of the steenng control signal output fiwm the control 
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signal operating means III, and tfie slgrals for vehicle travel etete variables with the vehicla travel and output 
from the vehtefe state detecting sensor VI. The <i estimating means lit, estimates friction (u) t)etween the 
road surface and the wheel surfaces on the basis of the vehicle behavior state variable estimation sfgnaJ 
output from the vehicle behavior state variable ^mating means IIUi and the signals for variables 

0 representing vehide behaviors such as a yaw rate and a lateral acceleration output from the vehicle 
behavior sensor 11. The coefficient circuit coefficient changing means lil43 changes the coeffldent of at least 
one of tine first, second, and third coeffldent circuits 111^, illA. and lliti on the basis of the u estimation signal 
output from the ii estimating means Ill4a. Therefore, an optimal coeffldent conresponding to the cunrent 
situations of the wheels and^or the road surface is supplied to the conresponding coefficient drcuit. 

10 As described stove, the coefficients (Gt. and G,) are automatically changed on the basis of the u 
estimation value so as to optimally satisfy the cunrent situations of the wheels and/or the road surface. Zig- 
zag driving or a spin which is caused by oversteedng by the driver can be prevented. In addition, even if 
the driver does not notice a change in u, safety driving can be assured. Therefora, excellent driving stability 
can b& achieved, 

15 

Seventh Mode 

The eleventh mode of the present Invention is shown in the blocl< diagram of Rg. 14. A vehicle behavior - 
20 state vari^le estimating means ilU, estimates the variables representing vehicle t)ehavlors on the Isasis of 
the steering control signal output from the control signal operating means Ilia and the signals fbr vehicle ' 
travel state variable with the vehicle travel and output from the vehicle state detection sensor VI. The u 
estimating means HU, comprises comparing means llitt, for comparing the pealc value of the vehide 
behavior state variable estimation signal output from the vehicle behavior state variable estimeting means 
25 III4, with the peak value of the vehicle behavior state variable signal output from the vehicle behavior sensor 
II, and a u detenmining means iilta tor estimating friction u on the basis of a comparison result output from 
the comparing means HUn. 

The alaove peak value comparison is perfonmed by comparing magnitudes of the peak values of the 
vehide behavior state variable estimation ^nal and the behavior state vari^ie signal and/or a phase 
30 difference between tiieir peaks. 

The function and effect of the eleventh mode having the atxive characteristic feature will be described 
below. 

TTie vehlcfe behavior state variat)le estimating means lil^. estimates the variables representing vehide 
behaviors on the basis of a vehicle model obtained by mathematically modeling the vehide behaviors on 

35 the smooth road by using the steering control signal output from the control signal operating means iiii. the 
signais for vehicle travel state variables witii tiie vehicle travel and output from the vehicle state sensor VI, 
and the steering control signal output from tiie control signal operating circuit iliai. 

The comparing means III421 in the u estimating means Ilia estimates the vehicle behavior state variable 
estimation signal output from the vehicle behavior variable estimating means III4U e.g., tiie yaw rate and/or 

40 the lateral acceleration generated on the smooth road for ttie signals representing tiie current steering 
angle, tiie cunwit vehide travel state variables with the vehide travels, and tiie steering control signal, 
calculates peaks of tiie signals, calculates a peak value of the signal for variable representing the vehicle 
behavior such as the yaw rate or the lateral acceleratton output from the vehicle behavior sensor 11, and 
compares the cateulated peak values. This comparison operation Is perfonmed by comparing tiie magnitude 

46 of the peak values and/or tiie phase difference between their peaks. 

The u determining means UUn estimates friction u on the basis of tiie comparison result output from tiie 
comparing means IIU31. 

Unlike tiie conventior^l technique wherein tiie friction ix Is estimated by tiie slip ratio of the wheels at 
the time of stop or start of the vehicle, the friction u Is estimated by the variables representing the vehicle 
60 behaviors according to tiie present invention. Therefore, the friction u for detenmining ttie cornering forces 
of the wheels in the normal dynamic diaracteristics can be estimated. 

The road surface change caused by a change In environmental situation during vehicle traveling can be 
estimated by the variables representing the vehide behaviors. The coeffidents can be set in the coeffldent 
drcults by using the estimated values. Therefore, an excellent adaptive steering control system can be 
6S arranged, and stable steering with safety can be provided. 
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T^velfth Mode 



The twelfth mods of ihe present Invention fs shown in the block dlaoe^m nf Pin i« a u . 
*. ™ J**" "^wns nu, for estimating friction u between the wh^te 

1urc«» M » rt»a a ih. ««« m« BMro w «)<». 



Thirteenth Mode 



The thirteenth mode o* the present invention is shown tn the block diagram of Flo 18 A oair> eh«n,^„« 
means 111, compr sea: a v^de iMhavior slate varfshia m^n^an^^ ""^'^y' '^'3- ^ Q^ft changing 
reptBsentlna the vehicle tK^^r^ZT^TL f^^ estimating means III,, for estimating the variables 

function and effect of the thirteenth mode hawng the above characteristic feature will be described 
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The vehicle behavior state variable estimating means iiUt In the gain changing means i\h estimates the 
vehicle travel state variables with the vehicle travel behaviors on the basis of the steering control signal 
output from the control signal operating means Ills and the signals for vehicle travel state variable with the 
vehicle travel and output from the vehicle state detection sensor VI. The ii estimating means Ifiu estimates 

5 frtctlon u on the bads of the vehicle behavior state variable estimation signal output from the vehicle 
behavior state variable estimating means IIU, and the signals for variatiles representing the vehicle 
behaviors and output from the vehfde behavior sensor II. Subsequently, the road surface shape estimatirtg 
means liU estimates the shape of the road surface which contacts ail vehicle wheels on the basis of the 
vehicle velocity output from the vehicle state detection sensor VI and the signals for state variables 

10 representing a suspension displacement of each vehicle wheel and a vehicle velocity. The coefficient drcuit 
coefficient changing means III43 changes a coefficient of at least one of the first, second, and third 
coefficient circuits llloi IHi*. and Ilia, on the basis of the u estimation signal output from the ti estimating 
means IIU and the estimated road surface shape signal output from the road surface shape estimating 
means 

7s In a conventional apparatus, vibrations caused by bumps on the road are transmitted to the vehicle 
body and hence the vehicle behaviw sensor. The Influenced signal for state variable representing a vehicle 
behavior te used as a steering control signal, thus causing an operation ent>r. 

According to the thirteenth mode of the present Invention, the estimated road surface shape signal Is 
used as a reference for the gain changing means. Therefore, stability and reliability of the steering control 

30 system for the road mjrface shape can be further Improved. 

In addition to the vehicle wheel slip state variable changed by changes in outside envbmmerrtal 
situations or operations of an accelerator pedal during vehicle traveling, optimal steering control can be 
provided so as to compensate for the changes In traveling road surfece condition* Vehicle safety can be 
further improved, and vehicle handling can also be Improved. 

S6 

Fourteenth Mode 

The fourteenth mode of tiie present invention Is shown In the block diagram of Rg. 17. A gain changing 
so noeans IIU comprises: a vehicle behavior state variable estimating means IIU. for estimating the vehicle travel 
state variables witii the vehicle travel beha>riors on the basis of the steering control signal output from the 
control signal operating means ill, and the signals for vehicle travel state variable with the vehicle travel and 
output from the vehicle state detection sensor VI; a u estimating means lll«t for estimating friction u 
between the vehicle wheels and the road surface on the basis of the vehicle behavior state variable 
36 estimation signal output from the vehicle behavior state variable estimating means IlUt and the signals fbr 
variables representing the vehide behaviors and output from the vehicle behavior sensor II; a sensor 
abnormality detecting means IIU for detecting abnonrnalltles of the stsering sensor 1. the vehicle behavior 
sensor II, and the vehicle state detection sensor VI; and a coeffldent circuit coeffident changing means IIU 
for changing a coeffldent of at least one of first, second, and third coeffldent circuits lllu. lilts* and lili. on 
40 the basis of the u estimation signal output from the u estimating means IIU and the sensor abnormality 
detection signal output from the sensor abnormality detecting means IIU* 

The function and effect of ^e fourteenth mode having the above characteristic feature will be described 
below. 

The vehicle behavior state variable estimating means IIUi in the gain changing means ItU estimates the 
4S vehide travel state variables with the vehicle travel behaviors on the basis of the steering control signal 
output from the control signal operating means liU and the signals for vehicle travel state variable with the 
vehide travel and output from the vehicle detection sensor Vl. The u estimating means 1114, estimates 
friction M. between the vehicle wheels and the road suriace on the basis of the vehide behavior state 
variable estimation signal output from the vehicle behavior state variable estimating means IIU and the 
60 vehide behavior state variable signal output from the vehicle behavior sensor II. The sensor abnormality 
detecting means liU detects abnormalities of the sensors when output values of the steering sensor I, the 
vehide behavior sensor 11. and the vehicle state detection sensor VI fail outside the allowable range of the 
preset values In view of the vehicle behavior or when the sensor outputs are compared with each other and 
comparison results indicate an abnormality. The coefficient circuit coefficient changing means IIU changes 
66 a coefflclent of at least one of the first, second, and third coeffldent droults llltt. Ill,,, and III., on the basis of 
the u estimation signal output from the u estimating means ilU and the sensor abnormality detection signal 
output from the sensor abnormality detecting means IIU. 

With the above arrangement the operation enrors of the steering control system which are caused by 
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'il*'"^'' to ftii*ttr Improve safety and reBabifity. 

can to constantly iState^^rnS operations is required, the vehicle 

vehicle JSi •^'^ " accidentally malfunctioned or tailed, thereby imprevfn; 



(DdSCriptiOit of Prindple of u Est/matton) 

¥ = 2(af.F,.ar»F,) .„(2> 
Fr«-u»mJ{( y -Utf#^-ar»^>^}-iv] ...(4) 

m: the vehicle wefght 
mr: the front load of the veWcste 
mr: the rear load of the vehicle 
u: the frfctf on 

u^- *s au3dffary eteertng angle tor the front wheels 
Ur: the auxiliary steering angle for the rear wheels 
t: the yaw Inertia monnent of the vehicle 

S! ^T""^ ^® ^^^^^^ and Its center of gravity 

I! 2!^^ ^"^^^ rear axne of the vehicle and rts center Jg^i^ 

c,r the comenng power of the front wheels of the vehicle 

c,: the cornering power of the rear wheels of the vehicle 

Ft: the cornering force of the 1^ wheels of the vehicle 

F,: the cornering fbree of the rear wheels of the vehicle 

uo: the vehicle velocity ^ 

^rthe yaw angle of the vehicle 

jr^ : the yaw rate of the vehicle 

<jf : the yaw angular acceleration of the vehicle 

y: the lateral displacement of the vehicle 

y : the lateral velocity of the vehicle 

y : the lateral acceleration of the vehicle 

hi the front wheel steering angle of the vehicle 
. ^"ations (1) to (4) are synthesized as follows- 
xlW - Ax|(t) + |b,(a,(t) + uKt)) +M,(t) ...(6) 
wherein x|(t). A.|bfc and tor are defined as Ibllowe: 
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to 



20 



30 



36 



xKt) 



A - 



ro 

0 
0 
I 0 



ry(t)i 
y(t) 

L *(t)J 
1 

0 



U2 



lb. 



fl 



f2' 



rl 



'23 
0 

^43 



r2'' 



Etsments in equaMona (6) are d^ned as follows: 



'24 
1 

^44 J 



46 



50 



50 
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70 



16 



20 



26 



^22 -2u(m^ + m^)/fuQ.m} 
^24 2y(a^.m^ - a^*m^) / (u^ .m) 

^f2 * 2ya^.in^/m 



35 



40 



80 



(6f (S) + u^(S) ) 



+ (c^»S + Cq)u^(s) 



for 



*22 -44 - *24'*42 " «43 



^22 + *44JS 
<*22'*44 - ^od'^AO - 



(8) 



^1 - *>f2 

«0 - ^fl-*42 - ^f2*^22 
°1 " ^r2 

°0 = V*42 - ^r2-*22 
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92 (S) y(S) 



10 



40 



SO 



SB 



(if (S) + u^(S)) 



for 





?2 


(S) - S.g^ 


(S) 




^2 








^1 


- bf 2 '^24 




80 


^^2 


" ^f2-*23 


^fl*'43 






" ^r2-^24 


' ^rl**44 


25 




' ^r2*^23 


" ^rl^^43 



(9) 



From equations (9), the lateral acceleration 
y can be derived as follows: 

(6^(S) + (S)) 

. (10) 



The co^cients of equations (8) and (10) are catculaled using the specifieations of the vehicle, the' 
vehicle velocity Ua. and the front and rear wheel loads mi and nrir from the vehicle state detection sensor. 
The calculated coefficients, the driver's steering angle S, and the front and rear wheel steering angles ur and 
Ur are used to solve equations (8) and (10). thereby estimating en estimated yaw rate and an 
estimated lateral acceleration V*m- In this case, friction u Is given as a value for a smooth road (e.g., 0.8 to 
1.C), 

By using the estimated value ^ m of the yaw rate and the estimated value Vm of the lateral 
acceleration are used to estimate the friction u between the vehicle wheels and the road surface in the 
following manner with reference to Fig. Id. 

The controllability of the yaw rate and the lateral acceleration Is changed according to different friction 
values u even If Identical steering operations are perfonmed* For example, If the friction value u Is small, the 
yaw rate and the lateral acceleration are decreased as compared with the case wherein the friction vakie u 
is large. In addition, ti^ leading edge of the characteristic curves of the yaw rate and the lateral acceleration 
are moderma By using this nature, the friction value u is estimated. Peak values of the estimated values 
*^ „, and V ffl of the ideal yaw rate and the ideal lateral acceieraUpn which are obtained on the smooth 
road (or an equivalent) and peak values of the detected yaw rate ^ and the lateral acceleration y are 
cateulated. The magnitudes of the peak values and/or the phase difference between these peaks is 
compared to estimate the friction. 

In the above estimation metiml. the friction u is actually estimated by the front wheel steering system 
(Ur - 0) as follows: 
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10 



■ S^(Sa -VU) ...(12) 



20 



26 



do 



35 



for 



«3 - 



5ot«f + V + Cq.u^ 

*43 



^0 - 



^0 = 
^0' 



^ ^^£2-^23 - 5fi-i43) 



ij(i.j - 1, 2,... 4) 



f/X and 

If 2^*.« 4) 



. (13) 



The steady values of the estimated values am rtit^ i« 
« as follows: ^ «re given In the same manner as In equaHora (i i) and (12) 

m = a|/(St -8;/U„J ...(14) 
y m « Sj(at -«j/ttm) ^.(15) 



45 



50 



g[gt Embodfment 



65 Rgs. IS to 21. ^ ""^^ Invenlfon win be described with reference to 
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V. a front wheel steering mechanism Vio, and a vehicle velocity sensor Vt. 

The steering sensor I is coaxial with a steering wheel to measure a stsering angle of the steering wheel, 
as shown in Rg. Id. 

The vehicle behavior sensor II Is mounted at the center of gravity of the vehicle body and comprises a 

6 yaw rate sensor 11, for detecting the yaw rate and outputdng a signal representing the yaw rate nf, . 

The control means III comprises a feed forward signal operating means III,, a feedback signal operating 
means 111,, a control signal operating means 111^ and a gain changing means 111a, 

The feed forward signal operating means flli comprises: a steering angle signal circuit 111,, for 
transmitting, without modifications, an eiectricaf signal corresponding to a steering angle 3 and output from 

10 tiie steering sensor I; a steering angle signal operation circuit lll„ provided with a first coefficient circuit lllu 
fdr muWpiylng witii Qr the signal conresponding to the steering angle B and output ftom tiie steering sensor 
I; a steering angular velocity signal operation drcult iH« provided with a differentiator lllu for calculating a 
signal corresponding to a steering angular velocity 8 on tiie basis of the signal conBSpondfeig to ttie 
steering angle 5 and output from tiie steering sensor I and a second coefficient circuit 111,* for multiplying 

15 witii Q, the signal con^sponding to the steering angular velocity i and output from ttie dlff^ntlator lllu! 
and an adder 111., for adding tiie signals output from tiie first and second coefffdent circuits III,, and lUis and 
tiie signal output from the steering angle signal circuit lllu. 

The feedback dgnal operating means III, comprises a vehicle behavior state variable signal circuit lllu 
provided with two coefficient circuits 111,, and ilia, a primary delay filter IHm, and an adder lil« for adding the 

20 signals output from the coefficient circuits llitt and lilts. The primary delay filter liU outputs a signal 
representing a pseudo yaw angle ^ con-esponding to the yaw angle ^ on tiie basis of tiie signal 
representing tiie yaw rate . 

As shown In Rg. 20(a). in order to derive ttie yaw angle tf from tiie yaw rate ^ . the yaw angle signal is 
Integrated by an integrator 101« However, a steady deviation may occur in the yaw angle ^ due to tiie 

36 influence of slight noise m the yaw rate sensor lU A high-pass filter 102 having an effect shown In Rg. 20- 
<b) is connected to tiie output of the Integrator tOI to eliminate tiie above-mentioned steady deviation. The 
arrangement in tiie block diagram of Rg. 20(a) can be equlvalentiy replaced witti a primary delay filter 103 
and a coeffident circuit 104 as shown In Rg, 2C(c). The integrator 101 and tiie high-pass filter 102 are 
replaced with tiie primary delay filter 103 and tiie coeffident circuit 104 to obtain the same effect as 

30 described above. 

The control signal operating means III, comprises an adder/subtracter ill,, for calculating a t^rence or 
a sum of the feed fonvard control signal output from the feed forward signal operating means llli and the 
feedback signal output from tiie fisedback signal operating means HI,. 

The gain changing means IIU comprises a microcomputer 200. The microcomputer 200 comprises an 

35 input port 201 for receiving a signal corresponding to tiie steering angle a. a signal con-espondlng to the 
steering angular velocity 5 , and a signal con-esponding to tiie vehicle velocity Uo; an arithmetic and logkj 
unit 202 for calculating an optimal gain; a memory 203 for storing optical gains and algorffttims fbr the 
aritiimetic and logic unit 202; and an output port 204 for outputting an optimal gain selected by the 
arithmetic and logic unit 202. 

40 The functions of tiie microcomputer 200 will be described In detail witti reference to a flow chart in Rg. 
21. 

When the driver turns on the ignition key, initialization Is performed In program PI. In this Inhiaiization 
routine, tiie operating states of all sensors are detected to check their abnormalities and set the Initial 
values therein. 

46 When the initialization routine in program P1 is completed, a value of ttie vehicle vek>clty Uo is read 
from mo vehicle velocity sensor VI te the microcomputer 200 (P2). 

The microcomputer 200 calculates a coefficient W, from the vehicle vetocity value (P3). If the vehicle 
velocity is low (e.g.. uo < 40 km/h), tiie coefficient W, is given as W, = 1. However, H the vehicle velocity Is 
high (e.g., Uo > 120 km/h), the coeffident W, Is set to be W, « 0. The intemnedlate values of tiie coeffident 
so W, are successively calculated by using a proper function. 

The steering angle 5 is read from tiie steering sensor \ to the microcomputer 200 (P4). The 
microcomputer 200 calculates a coefficient Wi (P5). If ttie steering angle Is small (e.g., |a| < 5, « 15»), tfie 
coefficient W, Is set to be W, ^ o. However, if tiie steering angle is large (Ifl > 8, = 30«), the coeffident W, 
is set to t)e W» = 1. The intermediate values of the coefficient W, are successively cateuiated by a proper 
85 function. The coefficient W, may be changed in accordance with changes In vehicle velocity u,. In this case, 
if the vehlde velocity is low. threshold values 5. and $t of tiie coefficient W, are set to be large. However, 
when the vehlde velocity is high, the threshokl values and are set to t>e small. 

The microcomputer 200 tiien fetches ttie steering angular vek>dty 5 output trom the differentiator IIU 
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— in the feed forward control nrwans^ m /pr\ an^ ^^i^ i-x- 

detemjlned by *a ^ an^rarS' riiJnglSu^vioSf f J ^ 

W» Is dstermined by the steerinn »r^iTT7z velocity $ m such a manner that W, = w„ x 

0 18 establfehed. How^ Ite S^i, /J^.*^ «wring angle j Is small flfl < ^ = 73^. tfin V^? - 

5 established. Tlie intermeSte vle8TS?vrii^J!fS ^ " then ^ = t' ,3 

the coefficient |, deteZniTl^iSe s^^^^^f^^l^ "^^^ « ^^'^^^ ft'nctlon. Similarly 
3mal!(|« j< i . . ^S'f9^^Z,wJTTls^Jl^ ^ f *e steering anflular velocity i £ 
<l fi I > ^ . - 30';^>. then w„ -1 Is est^iSJ T^'" " ^^^clty | is ieroB 

accoidance with the chaU in vehicle ve ocrSSilar/m™*'^^ Si' ""i.^ ""^^ ^^^^^^ 

M ^ Signals from the above sensors ar^^l^L^ 

described above. Coeffl^^S^f^S. ^alSS^^fJS Z^^^ ^' «^<^at«l « 

coe^:^ ri:d^«r .^eT -""^ ^^^^-^^ C^)- *ls case, a ^r on. of «,e 

<3i - (1 -M) G« ♦ M X G,/ ^'"'''™^-™«P«»'ea'n«a«calculalBdasfel^ 

V,. and a gear box V*. «'-as5latBd mechanism V„ a stepping motor 

^ ^^^Th. front Wheel steering mechanism V. comprises front wheels 6tl. steering Iln.«,ges and rods 

the hydrauOc pump SOI; a servo^W?^?lf^<^^**?' suppressing variaUons In oil pressure in 

pW^n V, an oil su^ path 5^ fo1^-X Z^^T^'^^"^ T"^^ ^ °" *° ^V^^"" 
» »e for returning the oil discharged ^ i^^^^^^ the hycwdic piston V,: an oil return path 

respectively. T,T^ T^^JlTZTJT TlT'"'' ^''^^ 

stepping motor V, is controlled by a ston^SSnSir^SI^'^ ^1^ ^ the hydrauiic piston V. The 

» means IV. The stepping motor v/driif JJl^'X gS^^^^^f l'**"" 

box V. in the right^dHeft direction. By ih^e ^7nZS^^^ ^ ^ 513 through the gear 
rl8ht.and.left direction In response toTe ZSSm *T hh^ ^' 513 in the 

motor V3 drives the servo vaKe lo4 t,Z£oTtoT^,S'^ ""^ ^ time, the stepping 

one chamber of the hydraulic piston vTL lS^Yl ^T^'''^ ^"^ '"PP'^ tS 

» to communicate with the oil tank 507 *S^h ^Sl Sm^r'™ '^"'^ '^^^ «^ber 

driven to assist the forx» acting on the steSno r,2wS^ pathSOa Therefore, the hydraulic piston V, is 
right or left direction. ° "Wtor V, and the front wheels 511 can be steered m ihe 

the feed forward signal operatinr^a^s W^dT.^!S^ '^'^"^ ^ "np«to 

means HI. ^""^ signal operating means III. i„ SiS 

differentiator HU These signals are^pu? to S iS port 201 in'^T"^, 'T'"'. ^ ^^^A" the 

..the vehicle velocity u. from me -hicle'velCaJ^^ V, m'o^^ ^ . 
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Th8 feedback signaJ operating means lilt classifies the input signals into tiie signal corresponding to the 
yaw rate and the sr^^al representing the pseudd yaw angle through the primary delay filter IKIi*. 

The Input port 201 In the gain changing means IIU determines the vehicle state on the basis of the 
Inputs. More spedffcaJly, the degree of the vehicle velocity Uo. the degree of the steering angle «, and the 
5 degree of tiie steering angular veiodty f are replaced with the coefficients W„ W, and W, which are 
corttlnuou^y changed tjetween 0 and 1 so as to cooespond to the human evaluation values In accordance 
with tiie following logical sequences: 

(1} If the vehicle velocity Ua is high, stability Is improved. 
(II) If the vehicle velocity Uo Is not high, the following conditions are applied. 
10 (III) If the absolute value lai of the steering angle is large, the controllabllity Is shortened. 

(IV) If the absolute value M of the steering angle Is small, stability Is Improved. 

(V) If the absolute value [at of the steeHng angle Is relatively large and the absolute value I 8 I of the 
steering angular velocity is also large, the controllabllity id shortened. 

(VI) (f the absolute value |S| of the steerfng angle is relatively large and the absolute value i & 1 of the 
18 steering angular velocity is small, stability ts improved. 

The "improvement of staWllty" here IndJcales that the vehicle can maintain the proper route even if 
disturbance such as a side wind acts on the vehicle. The "shortening of the controllabirrty" hero Indicates 
that the vehicle quIcWy responds to the driver's operation so as to. e.g„ Immediately change the lane when 
the driver wants to detour an obstacle. 
20 The logical sequences 0) to (VI) are perfonned by calculations M, = W, * W. and M, » W. W,. A 
contribution index, La., the tmth value M Is determined by using the maxlrmim values of the coefficients M, 
and M,- Optimal gain values are then detemilned In accordance with the truth value 

The optimal gains Q,». Q*, and G«» for tmth value M • 0 and the optimal gains Q,,, G,„ Q,., and Gu, 
for truth value M = 1 are prestored in the memory 203. The values of the optimal gains calculated by the 
&s arithmetic and logic unit 202 are output at the output port 204. 

The optimal gain outputs Q| (I « 1 to 4) from the output port 204 in the gain charging means III* are 
input to the first coefficient circuit Ilia and the second coefficient circuit llli. in the feed fbrwaid signal 
operating means III, and the two coeffitSent circuits 111,, and lllxi Jn the feedback signal operating means III,. 
Therefore, optimal gains can be provided to the signals 5, a , , and . 
90 The adder ill,. In the feed forward signal operating means llli adds the steering angle signal a. a signal 
Gi«5 obtained by multiplying the steerinjf angle signal with the optimal gain G„ and a tignaf Q,» S 
obtained by the differential value signal S of the steering angle with the optimal gain G, to output a feed 
forward signal 5 + G,#6+G,» i to the control signal operating means lll> 

The adder in» in the feedback signal operating means III, adds a signal Qs« obtained by multiplying 
as the yaw rate signal V with the optimal gain Q„ and a signal Q«« ii obtained by multiplying tiie pseudo 
yaw angle signal with the optimal gain Q* to output a feedback signal > +G4# V to the control 
signal operating means III,. 

The drMng means, IV drtves the foltoj^Hng operation control signal u to drive the actuator means V: 
u B 3 + G.«« + G,* S +Q,»nj/ +Q4« 
40 Therefore, the front whesi steering mechanism V,o Is driven to pertbrm predetermined steen'ng control. 

With the above operations, tile front wheels 511 are steered by a constant multiple (i,e., a gear ratio of 
the gear box V«) of the steering control signal obtained by^ adding the feed fonward signal derived from the 
steering wheel steering angle S and the steering velocity i to the feedback signal derived from the vehicle 
yaw rate njr , 

46 The vehrcie mounted with the apparatus for controlling steering of wheels of the vehicle immediately 
responds to steering of the steering wheel when tiie driver quickly turns the steering wheel or turns ft with a 
large steering angle at a relatively low vehicle velocity since the values of the galne Q„ Q„ Q„ and G< 
output to the coefficient circuits IIU itU III.,, and Ilia in the control means HI are adjusted to those 
conresponding to M H 1. When the vehicle velocity Is relatively high and an external force caused by a side 

80 wind, a ait, a bump, or the like acts on the vehicle, the driver does not instantaneously tum the steering 
wheel. In tils state, since the gains Gt. Gi, Gj, and G4 are controlled by the gain changing means III such 
tiiat the trutii value M Is almost zero, veNcle stability can be Improved and tiie front wheels are driven to 
automatically cancel disturbance. 

When the response time Is shortened at a relatively high velocity during quick turning of the steern^g 

5s wheel, the driver cannot often control the vehicle. In order to prevent this, the values of the gains Qi, G^, G,. 
and G4 are controlled such that the tiulh value M is almost zero. TTierefbre, the vehicle can change the 
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direction sataly 



Second Embodiment 



An apparatus for controQIng steering of wheeis of a vehicle accorcfina to a second amhnd^d^^f wh;^h 
bak,^ to ihe and sevenm mode. Of *e p^sent invention wfii f:^Ss^:eTTr£i:^f^t 

in applied to the one for the front wheels and basicaRy belongs to the sixth mode shown 

m Fig. 9. The apparatus comprteea a ateerfng sensor I. a vehicle behavior senir ii a coZl m^^S^ 

the ^^tTrth^^Thv T/k '^JT^'^^ a yaw rate sensor II. for detecting an angular velocity around 

n^Jl^t^rT^^?"^ I" comprises a feed forward signal operating means III,, a feedback signal operatino 
Itf r*"" « 0"«n changing means lllj operating 

The leed forward signal operating means lit. comprises: a steering angle sional circuit in for 
transmitting an etedrical signal corresponding to a steering angle s and oul,L3the stLSrin^;; . « 

signa corresponding to the steering angle « and output from the steering sensor I- a ^e^inn aiMuter 

^ ^^^^^r^^r 1.,., for calcufat,^n.gni Sr^SndSg^ 

Sf^ernj-^rr^i^^^^ 

s';°jr Ca.rcu^;i.r ~ - 

The feedback signal operating means III. comprises four coefftoient circuits III. Ill iii «r«i m 

The control signal operating means III, comprises an adder/subtracter IIW, fbr calculallna a dHi.».n^ «, 

inn. <=°"™P*»»6 a microcomputer 200. The microcomputer 200 comprises- an 

SelTanti^ IISI *LT 'T^'^'^'y ^'"9 -9le *. the slg'nal c^^nmn^Z 
^ ™f ^f-X * .' ® "^sPooding to the vehicle velocity u., the signal coTOspondina to 

^ T •'f*' ^V^Po^dinS to the lateral acceleration " . and the signal co^L^SnS S 

the rainfaH r; an arithmetic and logic unit 202 for discriminating the state of the vehit* on ttiVb^te ^ a. 

1^ Ti'c^ 'SLiS'Sir'S ^ eutetannally the same as those shown in the flow chart of 
raferice the firat and second embodiments ars concentrated and described with 

Programs PI to P7 are the same as those in the first embodiment 

ooef?c£J?r(pS 'Sle"'Sr.3 w ?° ^he ramdrop sensor VII and calculates a 

r^ ^^J ' J^ coefficient W. Is determined by the rainfall r. If the rainfall is small (r < r. - 1 
mm*), then W. = 1 is established. However, if the rainfall laJarge (? > r, = 10 mnSijTen w1 - 0 il 
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established. The intermediate values of the rainfall are succes^vely calculated by a proper function. 

The signals of the above sensors are fetched by the mlcrocomputef 200» and the microcomputer 200 
calculates the coefficients M, and Mi (PIG and Pii) after calculating the coefficients W., W,, Wa and W*. 
The coefficient M, is calculated by M. - W, W, W«; and the coefficient Mt Is calculated by » W, 
5 W, * W*. 

The truth value M is calculated using the coefficients Mi and M« (P12). A larger one of the coeffictents 
Mt and M, Is used for the truth value M. 

Optimal gains Qi, Qi, Gi. and Q« Q, and 3t obtained in good outside environmental situations such as a 
smooth road surface are calculated ueing the resultant truth value M (Pi 3). These optimal gains are 
10 calculated by the following algorithm: 
Gi - (1 - M) Gip + 0„ 
where Om and On 0 ^ 1 to 6) are optimal gains in good outside environmental sHuatione fbr-M « 0 and M 
» 1 . respectively. 

The optimal gains Gi <i - 1 to 6) can be obtained by the following control principle. 
15 Twc-degree-of-freedom motion equations of a weight m and yaw inertia moments I, of the yaw and 
lateral directions are represented as follows (in this case, the vehicle is given as a two-wheei steer v^Fcie): 
mrV = 2(F, + F,) ...(18) 
Iz^TP = 2(ai«F« -ar«Fr) ...(19) 

for Ff « -Cr{{ V ■Uc»^ + at ^ yuo F, -Cf{( y ' -Uoi^ + ar^p Vim 
20 where 

at: the distance tDetween the front axile of the vehicle and Its center of gravity 

ar^ the distance between the rear axile of the vehicle and its center of gravity 

ci: the cornering power of the front wheels of the vehicle 

Or: the cornering power of the rear wheels of the vehicle 
26 Ff.' the cornering force of the front- wheels of the vehicie 

Fr! the cornering force of the rear wheels of the vehicie 

u«: the vehicle velocity 

^: the yaw angle of the vehicle 

Yi : the yaw rate of the vehicle 
30 ^ : the yaw angular acceleration 

y: the lateral displacement of the vehicle 

y : the lateral velocity of the vehicle 

y : the lateral acceleration of the vehicle 

5f: the front wheel steering angle of the vehicle 
S8 The steering pattern of the driver can be given as follows: 

i I « f(y. y ^ i i) ...(20) 

When equations (18) to (20). i.e.. the steering patterns of the driver, and auxIGary steering variable u of 
the time-serial optimal front wheel steering angle signal applied to the front wheel staertng system are token 
Into consideration, the equations of motion are given as follows: 
40 m« y = 2(Fi + Fr + u«Cf) ...(21) 

lx» iP « 2(af«Fe -ar«Fr + u«af«ct) ...(22) 

5 f = f(y. y ^ A. i iu) ...(23) 
The auxiliary steering angle is given as: 

6 

4S u = 2 9l«>«i 

i = 1 

• g(y. y .4' j A, i o 

where gi is a contribution coefficient for giving the optimal auxiliary steering angle u, and X| represent all 
possildfe vehicie travel state variables with the vehicle travel and tfie vehicle behavbrs which express the 
60 motion of the vehicle. These variables include the vehicie lateral displacement the vehicie lateral velocity, 
the yaw angle, the yaw rate, ti^e steering angle of the steering wheel tumed by the driver, and its steering 
angular velocity. 

Output values from the yaw rate sensor 11, and the lateral acceleration sensor 11,, i.e., yaw rate^ 
and the lateral acceleration y are fetched by the microcomputer 200 (PI 4 and P15). The microcomputer 
as 200 then fetches a steering control signal fit (Pi 6). The yaw rate y and the lateral acceieration V are 
divided by the steering control signal if (Pi 7 and Pi 8). and the quotients are then compared with the 
steady vehicle steering gaine of the actual steering angle and yaw rate and the measured lateral 
acceleration (P19 and P20), thus outputtlng coefficients N, and Nt (P21 and P22). The coefficients N, and N« 
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quotlants by the steady vehicle Steering gains. If each 
^ « In'r ^OT"^ it is set to be 1 .5. The coefficients N. and N. are m.ltipllld with the gains 
(P23 smd P24) " ^ rsspBctivBiy output to the coefficient circuits ill,. ilU 111,.. »u lll„. and lll« - 

SULI^oT'" n^^'^ T ^ *° ^ ^ operations am repeated. 

Optimal gains <3^ <3». Q*. G.. and G« tor M - 0. optimal gains Q... Q„. Q,„ Q.,. q„ and Q.. fer IM 
- 1. and programs PI to P22 ar« stored in the memory 203 In addition to the signals s.. t s,. a . I " 

'^J^^!!!T<!TJ^'^ *? ^^^^"^ '^^^''"S S^^™ °f measured 

steering angle and the measured lateral acceleration. 

^«JIl!^JSI"«.iI!?l'^^^"^^ * subtracter IV. for caloilatlng a difference between the stewing 
^T^Tt^^.T*^^ control means 111. I.e.. the signal corresponding to the front wheel steering 
^ k; ^, Z^"*' * displacement meter 314 Included In the actuator means V. and an 

"^sru^srsi^reSK? *^ « - ^p»- - ^« -o" 

and2^S2°J.S!!!f!L^ fl"*^ *^ ^ hito a front wheel steering argle 

and ^Pnws a front wheel steering mechanism V,= and an electrohydraulic control mechanism V, 

«?f Tl.*^^®' rnechanism V.. comprises front wheels 511. steering linkages 5ia r<^s 513. 

and the rod displacement meter 514. . » "-a ivuo ^ 

The electrohydraulic control mechanism V« comprises a hydraulic pump 521. a nieaf valve 522 for 
maintaining an oli pressure at a predetermined pressure, an accumulator 523 for suppressing variations In 

fcr "^'^l^' K * ^ ^'^ ^ for determining a Sre<^oJ 

for supplying an oil to the hydraulic piston 524. an oil supply path 626 for supplying the oil pressure to the 

1)2^!' ?f t ^'^'^'^'Sed from L hydric 524 

^iTl ? «f«a^ >'al^e 522. and an oil tank 528 tor storing the oil to be used in the 

electrohydraulic control mechanism V„. . 

The front wheels 511 are rotatebly supported on the vehicle body through steering linkages 51Z The 

2« ^™ rliU*.;^?*. "f**' angle signal from the driving means IV and 

«» output fram »B control means III. In other words, the servo valve 525 Is controlled by a signal 
oWOTdlng to the front wheel steering angle deviation. The compressed oif. which is con^lled at a 
""f*"™ *^ *® hydraulic pump 521, the releaf valve 522, and the accumulator 523 is 
suppled to one chamber of fhe hydraulic piston 524 through the oil supply path 526 by the senn vah«. 
The other chamber communicates with the oil tank 528 through the dl return path 527. thereby driving tfie 
hydraulic piston 524. Therefore, the front wheels 611 can be steered In the rigiS or left ireSo^ tSoSh 
rods 51 3 and the steering linkages 512. w « « «recngn mrowgn me 

d«J?«!f 1^ velocity sensor VI Is mounted on the output shaft of the transmission. This sensor VI 
detecte the vehlcte velocity u. and outouts a signal represenflng the vehicte vetoclty u- 

The fdndrop sensor VII Is tocated in the front portion of the vehicle body. This sensor Vll detecte 
raindrops or a humidity and outputs a signal representing whether the road is slippery 

The flinctlon and the effect of this embodiment having the above arrangement will be described below. 
s,.hln««1rih^ "• '"eluded in the vehicle behavior sensor II are 

. ^ ^l"^ embodiment However, fhe vehlcte behavtor sensor II ateo 

ndudes a lateral acceieratton sensor II. m addhfon to the yaw rate sensor II.. The lateral acceteretion sensor 
II, IS used to measure a lateral acceleration of the vehicle. on sensor 

-„^!l!l!T!lL'*^J°^ *® ^'^ changing means III. receives a signal corresponding to the yaw rate <> 

S2r^«.!Zr''''i;^*'Tr "'J" "^^""^ •^^""'^ ^-^^^ « ^'9nal corresponding to m 
lateral aeeeleraiton y and output from the lateral acceleration sensor II, in the vehicle behavior sensor II 

in^^H .""^ ^"^ ^""^ VII. in sddHton to the signals' 

r« *J cf!^w the Signal corresponding to the steering angk> i, the signal corresponding 

to the steering angular velocity 8 . and the signal conespondlng to the vehicle velocity\fc 

TTie feedljack signal operating means III. dh/Wes the Input data Into the signal corresponding to the yaw 
3Z„«„„l^r^»^'?*! I? " ^ ^ f^^^ «'««ay filter ill„. a signal 

SaJ^ter " ^ ® representing a pseudo lateral displacement 5 through the primary 

The input port 201 of the gain changing means ilU determines the state of the vehicte on the basis of 
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th8 Input signals. The input port 201 replaces the Input signals Into the coefficients W„ W,. Wi. and W* 
which continuously change between 0 and 1 so as to correspond to human evaluation values representing 
the degree of the vehicle velocity Uo. the degree of the steering angle the degree of the steering angular 
velocity i , and the degree of the rainfall r in the following logical sequences: 
s <l) if the vehicle velocity u« is high or the rainTail r is large, stability ts improved. 

(II) If the vehicle velocity Uo is not high and the rainfall r Is small, the following rules are applied. 

(III) If the absolute value 1^ of the steering angle rs large, the response time is shortened. . 
(IV} If the absolute value |a| of the steering angle is small, stability is improved. 

(V) If the absolute value lai of the steering angle is relatively large and the absolute value I i I of the 
10 steering angular velocity Is large, the response time is shortened. 

(VI) If the absolute value |3| of the steering angle Is relatively large and the absolute value 1 ^ I of the 
steering angular velodty Is small, stability is Improved. 

The '"Improvement of stability" here Indicates that the vehicle can maintain the proper routs even if 
disturbance such as a side wind acts on the vehicle. The "shortening of the response time" here indicates 
TS that the vehicle quickly responds to the driver's operation so as to, e.g.. Immediately change the lane when 
the driver wants to detour an obstacle. 

The logical sequences (1) to (VI) are performed by caiculatlons M, » W. ^ ^ Wt and M. » w. ^ W, 
^ W4. A contribution Index, i.e., the truth value M Is determined by using the maximum values of the 
coefficients M, and M„ Optimal gain values are then determined in accordance with the ftruth value M. 
20 The optimal gains Q,e. Q«,. (3,,, GU G» and G.o for truth value M » 0 and the optimal gains Qn, Gtir 
G31, G4,. Gi, and G<, for truth value M = 1 are prestored in the memory 203. The optimal gain values are 
calculated by the arithmetic and logic unit 202. 

The coefficients N, and Ni are calculated to weight the optimal gain values calculated by the arithmetic 
and logic unit 202 so as to set the response characteristics of the vehicle for the variables representing 
26 vehicle behaviors constant The coefRdents N. and N, are multiplied with the calculated optimal gain values 
to keep the vehicle response time for the steering wheel angle constant 

The calculated optimal gain values as the optica] g^n outputs Gi (I » 1 to 6) from the output port 204 
in the gain changing means IIU are input to the first and second coefficient circuits Ilia and lllis in the feed 
fonward signal operating means ill, and the four coefficient circuits Ills., llitt. Ills and lliv (n the feedbaclc 
30 signal operating means lllx. The coefficient circuits pnsvfdes optimal gains for the signals i » s,'^ ,f 
y and 9 , respectively. 

The feed forward signal operating means 111. outputs the feed forward signal a + Q,#a + Gj* * to the 
control signal operating means ilU In tf^e same manner as In the first embodiment. ^ 

The adder lllis in the feedback signal operating means III, adds a signal Qi* ^ obtained by muttipiying 

35 the yaw rate signal V with the optimal gain Qa, a signal G4« obtained by muitipiying tiie pseudo yaw 
angle signal with the optimal gain 34. a signal Ot« y obtained by multiplying the lateral acceleration 
signal y and the optimal gain G«, and a si^al G«# y obtu'ned by muitipiying the pseudo lateral 
displacement signal 9 with the optimal gain G< and outputs the feedback signal 
Gi« V +G*« y +Gi» y +G»* ^ to the control signal operating means lUi. 

40 The driving means IV drives tfie actuator V in accordance with the signal Si from the control signal 
operating means III3: 

The actuator V drives the front wheel steering mechanism V. to perfonm predetermined steering control. 
The variables representing the vehicle travel and the vehicle behaviors are instantaneously detected to 
45 provide optimal front wheel steering control angle 5i and the coefficients gi are detemiined by contribution 
degrees. An instantaneous state feedback control system Including the factors of the driver can be 
provided. Therefore, the driver can perform optimal steering wheel angle control. 

Since signals Input to the control means include the rainfall r from the raindrop sensor VII, the yaw rate 
. and the lateral acceleration y . When the road Is slippery, an auxIBary steering angle may be added to 
50 the above value. The response and stai^llity characteristlce of the vehicle can be adjusted without Imposing 
a metal load on the driver, and optimal steering angle control can be perfonmed so as to satisfy the weather 
and road conditions, and optimal steering angle control can be perfonmed so as to satisfy the weather and 
road conditions. 

50 
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. Modification 
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The appara^ses tor controlling steering of wheels of a vehicle are applied to the apparatuses for 
corrtrolhng steering of front wheels of the vehicle in the first and second emb^mTrrtJ^^ S 

b^i^l for controlling steering of wheels of a vehicle acconding to the first embodiment which 

Sflu," -2:, * " *PP"^ »° apparatus for controlling steering of rear wheels of a 

vehicle. This modification will be described with reference to Hg. 24. • 
fo Dtftarences between the modification and the first embodiment are concentrated 

Sir dre sS;lt" ' ° ~'^«P«"'=""9 to a rear wheel steering angle, and forSnveSng it Into aJ 

Ts ana^JS'S^L!^, l^T", ^ ^ *^ "^^"^ ^ '"^ = ^^ee) steering 

!!2iv? « '^^ whee' Steering mechanism V». an oii-assisted mechanism V.. and a stepping 

rods^Tl^'llJll?^ r^^""^'*!^ ""'P^'^* 631. knuckles 532. knuckle amis 533. 

roas 834. a gear box S35 and a hydrauJic piston 538. 

TTie oil-^sisted mechanism V, comprises a hydraulic pump S2i. a reieaf valve S22 for maintalnfna an 

Sl'h!^!** " •"^fL?""'""' "^''"""'^"^ for suppressing varlaSst 7^S,Tn 

the hydraulic pump 521. a servo valve S2S lor detamnfning a direction for supplylna an dl to the hrcfr^l c 

5S. «o i^""?^ °" discharged from the hydraulic piston 536 and the oil leaking l^m the retetf 
valve 522. and an oil tank 528 for storing the oil to be used In the oii-assisted mechanism 

^''^^'^ °" v^fi'c's body thmugh knuckles 532. The knuckle 
^Lff K, ^"^^"^ ^ ^* P'^ton 536. The stepping motor V. is 

operated by a signal corresponding to the rear wheel steering angle and output from ttie driving means IV 

^rST^ .7!?' """^ S25 and also drives the rods ^through the gTb^i^" 

Je nghtand-lefl direction. By these mechanisms, the stepping motor V, drives the rods 534 in the rjS or 

Lmh 1^?^ "^""^ ^ *® '^''^'"9 "'^^^ "^^ co-npressed oil from the oll/upply 

k'"""^ r "y^"""^ P'*°" 538 upon operaflon of the servo valve 525 C 

J^l? communicates with the oil tank 528 through the oil return path 527. The hydmulic piston 536 

r^ck'^slTl^^Vl^^'*^?^''^^^ 1" comprises front wheels 511, steering linkages 512. mds 513. a 
iZ,^n%n^JT.^ -l -J^- ^a^:!^^ 511 are rotatabiy supported on the vehicle body through the 
t.^^!. !lL^ 'i?**^ ^'"^ '^"P'^'' 513 and the rack 515 When 

Sfni^rf ^r..^ "'""^ ~**^"='- ^« ^'^'^^"^ movement of the pinion 516 is 

IT*? "near movement by the rack 615. The rods 513 can be moved in the right or left direcltoa 
thereby steering the front wheels 511 through the steering linkages 512 In the right or left direction. 
6^^^^^, « niounted on the output shaft of the transmission. This sensor VI 

detects the vehicle velocity u. and outputs a signal representing the vehicle vekidty u.. 

obteniH »*~"^ accordance witti a steering control signal 

«?*e * or a sum of the f^d forward signal derived from the Jeering angle a 

and the stoenng angular vefocity * . and the feedback signal derived from the vehicle yaw rate * 
- t^ J!!'J^'^'T^J^ controlling steering of the rear wheels of the vehicle, gains G., G„. and G, for M 
IH !r?r = -"'V^lch are stored in the microcomputer 200 ; the contiSme^ 

L whlS'I^H ''?'^ *^ ^'"bcdiment. However, the same algorithms can be used, and ^ 
rear wheel steering angles corresponding to various states can be generated 

steaWn^cT^^^^^ ^"^^^'"^"^ ^ ^^^^ - contn^Hing 

d^siJbed X^"" ""^^ "'^"^ '''' ^ ^"""^ "^^'^ ^^"^^^ ^ application Is not 

^rl^Tl^^' f"^""^ """^ 15?'?^'™^' 9^" the front and rear wheels must be 

JShnHiL^- '"^^^^^^"IIP"^/ 200 In the control means III. and the apparatus of the first or second 
embodiment is combined with that of the modification. «wna 



2(3i 



25 



$0 



0 278 366 



Third Embodiment 

An apparatus for controlling steartng of wheels of a vehicle according to a third embodiment which 
belongs to the eleventh mode of the present invention will be described with reference to Figs. 25 and 26. 

5 An apparatus for controlling steering of wheels of a vehicle according to IWs embodiment Is applied to 
an apparatus for controiGng steering of front wheels of the vehicle. This apparatus basicaliy belongs to the 
eleventh mode shown In Rg. 14 and comprises a steering sensor I. a vehicle behavior sensor II, a control 
means 111. a driving means IV, an actuator means V, and a vehicle state detection sensor VI. 

The steering sensor I is coaxial with the steering wheel to measure a steering angle of the steering 

10 wheef. as shown in Rg. 25. 

The vehicle behavior sensor ii comprises a yaw rate sensor li, for detecting a yaw rate 4 
vehicle and outputttng a signal representing the yaw rate if> . and a lateral acceleration sensor li, for 
detecting a lateral acceleration y of the vehicle and outputting a signal representing the lateral accelera- 
tion y . The vehicle behavior sensor II is mounted at the center of gravity of tiie vehicle. 

15 The controJ means ill comprises a feed forward signal operating means a feedbacic signal operating 
means iilt. a controi signal operating means ilbi and a gain changing means ilU. 

The feed fonivard signal operating means lil, comprises: a steering angle signal circuit llii, for 
transmitting, without modifications, an electrical signal corresponding to the steering angle 6 and output from 
the steering sensor I: a steering angle signal operating circuit provided with a first coefficient circuit Hi,, 

20 for multiplying with G« the signal con-espondlng to the steering angle S and output from the steering sensor 
I; a steering angular velocity signal operating circuit iilT* provided wtth a differentiator liU for calculating a 
signal corresponding to a steering angular velocity S on the basis of the signal conresponding to the 
steering angle a and output from the steering sensor i and a second coefficient circuit lll,i for multiplying 
with Gt the signal con^sponding to the steering angular velocity k and output from the differentiator ill .4; 

25 and an adder 111,, for adding the signals output from the first and second coefficient circuits lll,t and ill,s and 
the signal output from the steering angle signal circuit Nit,. 

The feedback signal operating means ill, comprises a vehicle behavior state variable slgnai circuit ilttt 
provided with four coefficient circuits III,,, Jlla, ill«. and illv. primary delay filters IlU iiU and lllsf, an adder 
lliit lor adding the signals output from the coeffident circuits III«, and an adder III* for adding the 

30 signals output from the coefficient circuits lll» and lliv> and on adder iilio for adding the signals output from 
the adders (ll» and lllio. 

The primary delay filter 111,4 outputs a pseudo yaw angle ^ corresponding to a yaw angle signal ^ on 
the basis of the yaw rate signal ^k from the yaw rate sensor II.. The primary delay filter Ills, outputs a pseudo 
lateral velocity 9 corresponding to the lateral velocity y. on the basis of the lateral acceleration signal 
35 from the lateral acceleration sensor II,. The primary delay filter 111. outputs a pseudo lateral displacement 
y conresponding to the lateral displacement ^ on the basis of the pseudo lateral velocity signal t . 

The control signal operating means 111, comprises an adder/subtracter 111,, for calculating a difference or 
a sum of a feed forward control signal output from the feed forward signal operating means lili and a 
feedback signal output from the feedback signal operating means lIU. 
40 The gain changing means iil4 comprises a microcomputer 200. The microcomputer 200 comprises: an 
Input port 201 for receiving the signal con-esponding to the yaw rate , the signal con-esponding to the 
vehicle velocity Uo. and the signal conresp<mding to the steering control signal as an output from the 
adder/subtracter iiij,; an arithmetic and logic unit 202 for estimating the variables representing the vehicle 
behaviors and friction u between the veliicle wheels and the road surface and for calculating optimal gains 
45 as a result of estimation; a memory 203 for storing algorithms for and operation results of the arithmetic and 
logic unit 202 and vehicle specifications; and an output port 204 for outputting optimal gains selected by the 
arithmetic and logic unit 202. 

The functions of the microcomputer 200 will be described In detail with reference to a flow chart in Fig. 

26. 

50 When the driver turns on the ignition key. the programs in the microcomputer 200 are started, and 
Initialization is perfdnnned (P1). in the inltlali^atton routine PI, hardware such as an A/D converter and a 0/A 
converter and software such as control parameters are initialized. 

When Initialization routine PI Is completed, the yaw rate -if from the vehicle behavior sensor II,. the 
steering control signal as an output from the adder/subtracter Ills,, and the vehicle velocity Uo from the 
55 vehicle state detection sensor VI are fetched by the microcomputer 200 through the A/0 converter (P2}. 

Coefficients (equations (7) and (8)) of a yaw rate estimation model. I.e.. equation (8) are obtained on the 
basis of the vehicle vekacity u« and the vehicle specificatfans. The coefficients and the steering control 
signal as an output from the adder/subtracter ill,, are used to solve equation (8). thereby obtaining an 
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■ ortm8«ed vali»v mOfthevehlcte yaw"rate (P3)^^ 

Dha^s! oTlhTr^"*^'' !^ ^ change points (e.g.. ttie peak values of the signals and thefr 

phases) of the con^ponding signals ^ and V „ which are respecffvely the yaw t^V tem *! 

Optimal coefficients for the tt value estimated in program PS and the vehicle velodtv u. are datermin«H 
aj^are output to the coefncen, cb^ „u NU. I,J,„^ and Ui„ ^^"VZlSZt 

^J^J!^C° "^f^fV comprises a subtracter IV, for calcuiating a difference between the steerina 
^ ' ^ ""^^^ signal corresponding to the fcwnhS 

angle and th9 signal output fnsm a rod displacement meter SU Included In *L«*StwmJ!nri^ 

rraSJmi^jr^^ '""^ - ^ ^ output to^rs^rrsii'S." 

The actuator means V changes the signal from the driving means IV into a front wheel steerinn anai» 
^JeTl^'vllTjir' T^"^ ^ ^ eS^rohydraulic oomrol mechSiX^ ' 

The electrohydrauHc control mechanism V„ comprises a hydrauyc pump 521 a raleaf vaiv» S9» tor 

^Je 0.1^2 f!^*S IL^f f «^'"9 ^ove arrangement will be described below 

the steering sensor I for measuring the steering angle of the steerina wS aJd ttie 
vehicle behavior sensor II provided with the yaw rate sensor for outputting the yaw r^T ^iT^, 
acce^ratlon sensor II. for measuring a lateral acceleration of the vehicle are i^pi^ S^fSd^S^ 2S 

the s^rfna 2T . S ^Mdes the input signals into the signal corresponding to 

SerSSilu' • " "^^^^ «» -gular velc^lty i Z^H^Z 

Tha f^dbaclc aignal operating means lit dMdes the input signals into the sianal correaoonHinn t« *h« 
representing a pseudo lateral velocity t through the primary delay filter III, on the balteof tk^ rin^ 

srjsrprai'drix^"^" ^' • ^ ™^ ^ p-^o-i^lxm" 

The Input port 201 in the gain changing means IIU received the signal corresponding to the yaw rate 
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1^ and output from the yaw rate sensor 11, In ttie vehicie behavior sensor and ttie signal corresponding to 
the lateral acceleration y and output from the lateral acceleration sensor II, In addition to ttie signal 
correeponding to the steering control signal and output from the adder/subtracter llln and the signal 
corresponding to the vehicle velocrty u«. 
5 The gain changing meana IIU eatimatea the yaw rate of the vehicle on the basis of the Input sfgnais. 
compares the estimated value with the peak value of the actual yaw rate to estimate u. and caiculates 
optimal gains corresponding to the current vehicle states by using the estimated u vdue and the vehicle 
velocity u«. 

The calculated optimal gain values as the optimal gain outputs Gr (I ^ 'I to 6) firom the output port 204 
70 In the gain changing means IIU are Input to the first and second coefficient circuits 111 it and IIU in the feed 
forward signal operating means ill. and the four coefficient circuits l\\tu Ills, illn. and iiltr in the feedbacic 
signal operating means illt. Therefore, the optimal gains for the signals i.^, f.'^.^.andycanbe 

provided. 

The adder 111,7 in the feed fonArard signal operating means 111. adds a signal obtained by multiplying 
16 the steering angle signal 5 with the optimal gain G. and a signal (^•i obtained by multiplying the differential 
value signal i of the steering angle with the optimal gain 0, and outputs a feed forward signal 
a+Gi^S + Qs* i to the control signal operating means illi. 

The adder ilia in the feedbacic signal operating means lid adds a signal G,* obtained by multipiying 
the yaw rate signal ^ with the optimal gain Qj. a signal Q4« $ obtained by multiplying the pseudo yaw 
20 angle signal ^ witii the optimal gain G*, a signal Gi* ^ obtained by multiplying the pseudo lateral velocity 
signal y with the optima) gain G«. and a signal Gi« 9 obtained by multiplying tiie pseudo lateral 
. displacement signal P with the optimal gain Q. and outputs a feedback signal 
Qa» y *(3u*y +Qi« ? +©.• y to the control signal operating means lU,. 

The driving means IV drives the actuator means V in accordance with the steering control signal h from 
25 the control signal operating means Hii: ^ ^ 

«t = 5+Q.«a + Q,« i +Qt^ *^ ^ +Q,« 9 +a» y 
The actuator V drives the front wheel steering mechanism V,« to perform predetermined steering conti'oi. 

The optimal front wheel steering control angles ^ instantaneously detect the variables representing the 
vehicle travel and the vehicle behaviors to detenmine coefficients Gi according to tine degrees of contribu- 
30 tion. A feedbacic control system for instantaneous states Including the factors of the driver can be arranged 
to perfonn optimal steering angle control for tfie vehicle driven by the driver. At tiw same time, the 
coefficients G. (i » 1. 2 to 6) are determined by the estimated u value and the vehicle velodty Ua after the 
friction value u between the vehicle wheels and the road surface is estimated during steady traveling of tiie 
vehicle. For this reason^ an auxiliary steering angle may be added in an abnormal state, for example, a 
S5 slippery road. Even if the driver does not notice changes In vehicle wheels or the road surface, vehicle 
controllability and stability can be automatically controlled, thereby achieving optimal steering angle control 
con^ponding to given weather and road conditions. 



40 Fourth Emiaodiment 

An apparatus for controlHng steering of wheels ol a vehicle according to a fourtii embodiment which 
belongs to the twelfth mode of the present invention will be described witii reference to Rgs. 27 to 34. 
Differences between the third and fourth embodiments are concentrated. . 
46 The apparatus for controlling steering of wheels of a vehicle according to the fourth eml)odiment is 
applied to an apparatus for controlling steering of front wheels of a vehicle. This apparatus basically belongs 
to the tweiftti mode shown in Rg. 15 and comprises a steering sensor I, a vehicle behavior sensor 11, a 
control means ill, a driving means iV, an actuator means V, and vehicle state detection sensors VL 

The vehicle behavior sensor II comprises a yaw rate sensor 11, fbr detecting an angular velocity around 
50 the center of gravity of tite vehicle and a lateral acceleration sensor ll. for measuring a lateral acceleration 
of tiie vehicle, as shown in Rg. 27. 

The sensor VI for detecting tiie vehicle travel state variables with the vehicle travel comprises a vehicle 
velocity sensor VIq mounted on the output shaft of the transmission to detect the vehicle velocity Uo and 
output a signal representing the vehicle velocity Ue, vehicle wheel angular velocity sensors Vlii (i « 1. 2. 3, 
ss 4) for measuring angular velocities of tiie respective vehicle wheels, and load sensors Vita (i » 1. 2. 3, 4) for 
measuring loads acting on the respective vehicle wheels. 

The control means III comprises a feed forward signal operating means llti, a feedback signal operating 
means ill«, a control signal operating means ill,, and a gain changing means 
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The coefficient crrcuita III.,. and multiply ttie conwponding signals with a yaw rata feedback 

f -Hk yaw angle feedback gain Q.. a lateral velocity feedback gain G. and a lateral dteplacement 

ieSSo?; "'- ^ ^''^ 

The control signal operating means III. comprises an adder/subtracter III,, for calculating a difference or 
aajm of the s^nal output from the f^ tenma signal operating means III. and the signal output fhsm the 
reeooack signal operating means III,. 

TTie gain changing means IIU comprises a microcomputer 200. The mlcnscomputer 200 comprises- an 
input port 2Q1 for receiving the signal corresponding to the yaw rate. . the signal corresponding to"the 
vehicle velocity u.. the signal con^sponding to each vehicle wheel angular velocity, the signal correspond- 
ng to eae* vehicle wheel load, and the signal corresponding to the steering control signal as an output from 
the adder/sub&acter III,.: an arithmetic and logic unit 202 for estimating signals for variables representing 

iSStf^K^'* f"* ^i.'^"" *® ^^^"^ surface, for catculating the slip 

ratios of the wheels on the basis of the respective Input signals, and for calculating optimal gains as a result 
of tlw above estimaflon operations: a memory 203 for storing vehicle specifications, and algorithms and 
frthnietic and logic unit 202; and an output port 204 Ibr outputting the optimal gains 
selected by the arithmetic and logic unit 202. m w • 

The functions of the microcomputer 200 wRI be described with refsrance to a flow chart In Fig. 28. 
I .« ^ «" 1 1^' turns on the Zgnftion key. the programs in the microcomputer 200 are started, and 
Initialization Is perfonned (P21). In tntUallzatton routine P21. hardware such as an Art) converter and a 0/A 
converter and software such as control parameters are initialized. 

When initlanzatlon routine P21 is completed, the microcomputer 200 fetches the yaw rate 4 from the 
vehic e behavior sensor, the vehicle velocity u. from the vehicle vekicfty sensor VW. the respecflve vehicle 
wheel angular velocities from the vehicle wheel angular velocity sensors Vl„ a « ^. zTs, 4i and the 

«ff "t.?J'""*^^J '"^^ ^ ^ Vl« 0 - 1. 2. 3. 4). and the steering control angle s, 

as :an output from the adderAubtraoter III,, through the A/D converter (P22). -ngw «, 

The coefficients (equations (7) and (8)) of yaw rale estimation model (8> are calculated on the basis of 
ft© vehicle voteclftr u. and the vehicle specifications. The resultant coefficients and the steering control 
signal as an output from the adder^tracter ni„ are used to solve equation (8) to obtain an estimated value 
Y m of the vehicle yaw rate (P23). 

Tlie conresponding signal change points (I.e., the peak values and their peak phase values) of the yaw 
rate^^T/, input ftom the M3 converter and the estimated value „ obtained in program P23 are calculated 

The fri<^n value u Is estimated by the peak value phase difference obtained in program P24 (P25) 
uZJl'S'*'^ '^^'^ P^^** '^"^ difference obtained in program P24 exceeds a oivan 

hreshold value (e.g., 80»). the microcomputer 200 detennines that the friction value u ts small. In thia case 

thf-JSL ^ PeaJ< ^a""© l*as6 difference is smaller than thd 

threshold value, a peak ratio -if^ /^^ „ is calculated. The coefficient of u estimation equatton {16) is 

SnlT ^ ""'"3 spedflcattons and the vehicle v!SS?^i^ TtS 

resultant vakie and the peak ratio are used to solve equation (16) to estimate a. 

r,>^J'^^T 'f *« vehtete velocity u. read in program P22 and the 

respective vehicle wheel angutar velocities (P26>. 

«.i«?!Slf',f!^'^i!S "^'"^ the map for the estimated u. values obtained in P28. the slip 
^os calculated .n P26 and the vehicle velocity u. The selected optimal coefficients are outp^ to thS 
coeffkdent circuits ill,, III,., ill... ||l„. III... and III, (P27), respectively. The flow returns to P22 " 

The contents of P27 will be described in more detail with reference to a flow chart in Ro 29 
(P27ir^" '"""^ ''^^^ ^"^'^ ^ ^'^ InMaf'val'uas are aet 

The estimated u value and the slip ratios are read (P272). 

»^I^Lf^ ^^^^ *® *® '» detennined (P273). iVIore specifically, the 

esttmated. u vahie is corrected and weighted (e.g., Rg. 30). and the corrected value Is classified (el Ro 

VJJH^ fl^ '^^ '^"^^^ ^e'gf'^d («-9- R9- 32). A smaller one of the resultant valuw is us«i 
as a decision value Gu between the wheels and the road surface. 
The vehicle velocity Uo is read (P274). 

The vehicle velocity u, is classified (e.g.. Fig. 33). and the resultant value serves as Q, (P275) 
-nnTl! coefficient circuits are determined (P276). The signal Gu as an output in P273 

JlSw^l Rg. W " " ^ *^ coefficients with referencete the map 
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Thd resultant optimal coefficienta are output to the corresponding coefficient circuits (P277). (n this 
ennbodinnent abrupt changes in coefffdents decided in P276 are prevented as follows. If a difference 
between the current ooeffldents and the updated coefficient is smaller than a maximum value of a 
predetermined co^rcient change value, the current coefficient is replaced wltf) the updated coefficient 
5 However, the above difference exceeds the maximum value, the coefficient updating range corresponds to 
the maximum value, in this case, the current coefficient ts converged stepwise to an optimal coefficient. 
Alternatively, the updated coefficient is filtered through a stable primary delay filter which has the current 
coefficient as the initial value, thereby further updating the updated coefficient. 

The arrangements of the driving means IV. the actuator means V, and the front wheel steering 
10 mechanism V» are the same as those of the third embodiment 

The function and the effect of the fourth embodiment having the al30ve arrangement will be described 
betow. 

The Input port 201 in the gain changing means 1114 receives the signal corresponding to the yaw rate v 
and output from the yaw rate sensor lli in the vehicle behavior sensor, the signals corresponding to ^e 

;5 vehicle wheel angular velocities and output from the vehicle wheel angular velocity sensors Vln (I a 1 , 2, 3, 
4) and the signals conresponding to the vehicle wheel loads and output from the load sensors VIq (i » lj 2, 
3, 4} In addition to the signal corresponding to the steering control signal as an output from the 
adder/subtracter 111,, and the signal corresponding to the vehicle velocity Ue. 

The gain changing means IIU estimates the yaw rate of the vehicle on the basis of the input signals. 

20 compares the estimated vaiue with the peak value of the actual yaw rate to estimate ix, and calculates 
optimal gains corresponding to the cuaent vehicle state on the basis of the estimated u value and the 
vehicle velocity Uo. 

The calculated optimal gain values as the optimal gain outputs Gi G - 1 to 6) from the output port 204 
in the gain changing means IIU are input to the first and.second coefficient circuits llln and llli. in the feed 
26 fonward signal operating means flli and the four coefficient circuits lllti. Ill«ii llt». and lil^ In the feedback 
signal operating means llli. These optimal gains serve as those for the signals- S , a, > * ? • and 9 ■ 
respectively. 

The adder 111,, In the feed forward signal operating means III, adds a signal Q,*a obtained by multiplying 

the steering angle signal 8 with the optimal gain Q, and a signal Ga« i obtained by multiplying the 
30 differential value signal i of the steering angle with the optimal gain Q« and outputs a feed forward signal 

a^Qi^a^-Ga* i to the control signal operating means III3. 

The adder Ilia in the feedback signal operating means IIU adds a signal Gi* ^ obtained by multiplying 

the yaw rate signal Tp with the optimal gain Qa, a signal G4« $ obtained by multiptying the pseudo yaw 

angle signal with the optimal gain G4. a signal G«« y obtained by multiplying the pseudo lateral velocity 
95 signal y with the optimal gain G,, and a signal G.« y obtained by multiplying the pseudo lateral 

displacement^ signal $ with the optimal gain Q< and outputs a feedback signal 

3^ V -*-G«« $ ^Gb« $ -i-G,* $ to the control signal operating means ills. 

The driving means IV drives the actuator means V In accordance with the operation control signal 

from tiie control signal operatinq means Hi,: 
40 at « * + Qi«a + Q2« 6 +Q,»v +Q4»"$ +Q5« y +Qi« ? 

The actuator means V drives the front wheel steering mechanism V,o to perform predetermined steering 

control. 

The optimal front wheel steering control angles 6^ Instantaneousty detect the variables representing the 
vehicle and the vehicle behaviors and give the coefficients Gi according to the degrees of contribution, 

46 thereby constituting a feedback control system for controlling instantaneous states Including the factors of 
the driver. Therefore, optimal steering angle control can be performed for the vehicle driven by the driver. 
At the same time, the coefficients Gi(l = 1 . 2 to 8) are determined by the estimated u value during steady 
traveling and the slip ratio of each vehicle wheel and the vehicle velocity Ua« In this case, the estimated jx 
value ts determined such that the estimated value of the yaw rate generated on the smooth road Is 

00 compared with the actual yaw rate. When the vehicle travels in an abnonnnai state, e.g., on a slippery road, 
an auxiliary steering angle can be added. Zlg«zag traveling or a spin caused by slipping during straight 
drtvlng free from the yaw rate can be prevented. When the driver does not notice changes in vehicle wheel 
and road surface conditions, or at the time of rapid start or stop, the dynamic characteristics of the vehicle 
can be automatfcaily controlled, and optimal steering angle control corresponding to given weather and road 

00 conditions can be performed. 
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Fifth Embodiment = _ _ — 

An apparatus tor contnDlIIng steering of wheels of a vehicle according to a fifth embodiment which 
belongs to the eleventh, twelfth, thirteenth, and fourteenth modes of the present invention will be descrfbed 
jn deteil with reference to Rgs. 35 and 36, Differences between the fifth and fourth embodiments are 
concentrated. 

The apparatus of this embodiment is applied to an apparatus for controlling steering of front wheels of 
the vehicle. The apparatus belongs to the eleven mode shown in Rg. 4 and comprises a steering sensor I 
a vehicle behavior sensor II. a control means 111. a driving means IV, an actuator means V. and a vehicle 
state detection sensor VI. 

The vehicle state detection sensor VI comprises a vehicle velocity sensor VIo. vehicle wheel angular 
velocity sensors VIm (I « I. 2. 3. 4) for measuring the respective vehicle wheel angular velocities, load 
sensors VIq a = 1. 2. 3. 4) for measuring the re^ective vehicle wheel loads, and road surface shape 
sensors Vl,3 {I » 1 , 2, 3, 4>. as shown in f^g, 35, 

The gain changing means III* comprises a microcomputer 200. The microcomputer 200 comprises: an 
input port 201 for receiving a signal conrespondlng to a yaw rate , a signal corresponding to a vehicle 
velocity Uo, a signal conrespondlng to a steering control signal as an output from an adder/subtracter III,,, 
signals corresponding to the vehicle wheel angular velocities, signals corresponding to the vehicle wheel 
loads, and signals corresponding to the road surface shapes; an arithmetic and logic unit 202 for estimating 
vehicle behavior variables, a friction value ii between each wheel and the road surface, calculating a sfip 
ratio of each vehicle wheel, and detemnlnlng the road surface shapes and abnormalities of the sensors on 
the basis of the input signals, and for calculatbig optimal gains of the above operations: a memory 203 for 
storing vehicle spedflcaHons and the algorithm for and operation results of the arithmetic and logic unit 202, 
and an output port 204 for outputling the optimal gains selected from the arithmetic and logic unit 202. 

TTie functions of the microcomputer 200 will be described In detail with reference to a ftow chart in Rg. 

36. 

\Artien the driver turns on the ^nitlon key, the programs in the microcomputer 200 are started and 
Initialization {P31) is performed, in initialjaation routine P31, hardware such as an A© converter and a E^A 
converter and sofhvare such as control parameters are lnffiall;K:ed. 

When Initialization routine P31 Is completed, the microcomputer 200 receives the yaw rate ^ from the 
yaw rate sensor 11 „ the steering control signal as an output from the adder/subtracter ill,,, the v^icle 
velocity u, from the sensor VI. and the vehicle wheel angular velocity and load signals and road surface 
shape signals or signal like road surface sh^ (e.g.. spnjng relative displacements and velocHles) throuah 
the A/D converter {P32). 

When ai) signals aro fetched In P32, tiie n^crocomputer 200 determines tiie road surf^e shapes on the 
basis of the outputs from the road surface shape sensors Visa 0 = i, 2. 3. 4) (P33). If the road surface Is 
determined to be a rough road surface, the flow advances to program P39 without executing the followina 
routine. " » 

If tile road surface Is determined In P33 not to be a rough road surface, the microcomputer 200 
determines whether outp^uf values from tiie steering angle sensor and tfie vehicle behavior sensor are 
abnormal {P34). In this case, tiie following operations aro perfonned to determine: (I) whetiier the sensor 
output values exceed a predetemnlned value whteh is the upper Hmit for possible vehicle motion: and (II) 
whetiier tiie sensor output values do not contradict wrth ottier conditions. W tiie above conditions aro 
satisfied and tiie sensor outpute aro detomnined to be abnormal, tiie flow advances to program P39 without 
executing ttie following routine. 

The coefficients of vehlde yaw rate estimation model (8) (equations (7) and (8)) are calculated on the 
baste of tiie vehicle velocity Uo. tiie vehicle wheel loads, and the vehicle specifications. The resultant 
coeffident values and the steering control signal as an output from the adder/subtracter III,, are used to 
solve equation (8) to obtein an estimated value Tjr „ of tiie vehicle yaw rate (P35). 
. The cooespondlng signal change points fl.e,. tiie peak values and peak phase values) of tiie yaw rate 
V IjWrt from the A/D converter and tfte estimated value ip « obtained in P35 are calculated (P3e). 

The friction value a is estimated by tiie peak value obteined in P3e (P37). More specifically, if tiie peak 
value phase dfferonce obtained In P36 exceeds a threshold value (e.g.. 90«»). tiie microcomputer 200 
determines that tfie friction value u Is small and the flow advances to tfie next step. However, the peak 
value phase difference is smaller tiian the threshold value, a peak ratio ip /ip ^ is calculated. The 
coeffteient of the u estimation equation (16) Is calculated by equations (7) and (13) using vehicte 
specifications and tfie vehicle velocity Uo. The resultent coefficient value and tiie peak ratio aro used to 
solve equation (16) to estimate u. h «o u«»q w 
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The slip ratios are calculated using ttte vehicle velocity Uo read In P32 and the respective veWcle wheel 
angular velocities {P3d). 

Optimal coefficients are selected for the estimated u values estimated in P37« the slip ratios calculated 
in P38, the vehicle velocity Uo. the rough road determination result and the sensor abnormality determina- 
tion result and are output to the coefficient circuits lllta, Ilia. 111... Illn, and {P39). Thereafter, the flow 
returns to P32. 

The driving means IV. the actuator means V. and the vehicle velocity detection sensor VI, have ths 
same arrangements as in the fourth embodiment. 

The function and the effect of the fifth embodiment having the above arrar^ement will be described ' 
below. 

The Input port 201 In the gain changing means ilU receives the signal conrespondlng to the yaw rate y 
and output from the yaw rats sensor 11, in the vehicle behavior sensor II. the vehicle wheel angular velocity 
signals output from the vehicle wheel angular velocity sensors Vln (I » i. 2, 3. 4), the vehicle wheel load 
signals output from the load sensors Vlia (I « 1,2, 3, 4). and the road surface shape signals from the road 
surface shape sensors Vt^ (i = 1,2,3.4) in addition to the signal comsspondlng to the steering control 
signals as an output from the adder/subtracter 111,, and the signal con^spondlng to the vehicle velocity u.. 

The gain changing means IlU calculates optimal gains on the basis of the input signals in the same 
manner as in the third embodiment The optimal gairt outputs Qi (I = 1 to 6) appear at the output port 204 
In the gain changing mean 111* to the first and second coefficient circufts. Klq and IlU In the feed forward 
signal operating means ill, and the four coefficient circuits lilt,, ills. Illsc. and III., In ttie feedback signal 
operating means llii and serve as those for the signals i , 5, tp . ^ . ^ . and 9 . respectively. 

Unlike the conventlonaJ control system drawback caused by using as feedback and feed forward signals 
the signals obtained by multiplying the signals for variables representing vehlde behaviors and the steering 
angle signals with coefficients after the road conditions and sensor operating states are detected, the 
following operation enrors can be prevented according to the present Invention. These errors occur as 
follows. The vehicle behavior detection sensor erroneously detects that vehicle vibrations are not caused by 
vehicle motion but by the bumps or the like of the road surface. However, the vibration detection signal Is 
used as If it Is generated by vehicle motion, and therefore, the detection signal Is used for feed forward or 
feedback control. In addition, an abnormal signal generated by sensor failures or the 6ke is used for feed 
forward or feedback control to cause the operation errors in the steering control system. The above 
drawbacks can be completely eliminated from the apparatus of this embodiment. In addition to the steering 
control effect of the fourtii embodiment the apparatus of tiie fifth embodiment can perform a safer and 
more reliable control operation. 



Claims 

1, An apparatus for controlling steering of wheels of a vehicle, comprising: 
a steering sensor for detecting a steering angle of a steering wheel: 
a vehicle behavior sensor for detecting variables representing vehicle behaviors: 
control means comprising 

feed forward signal operating means provided with 

a steering angle signal circuit for transmittingt without modifications, a steering angle signal output from 
said steering sensor, 

a steering angle signal operating circuit having a first coefficient circuit lor multiplying ttie steering 
angle signal with a coefficient, 

a steering angular velocity signal operating circuit having a differentiator for calculating a steering 
angular veiocfty signal from the steering angle signal and a second coefficient circuit for multiplying the 
steering angular velocity signal witii a coefficient, and 

an adder for adding signals output from said steering angle signal circuit said steering angle signal 
operating circuit, and said steering angular velocity signal operating circuit to output a sum signal, 
tiie sum signal being output as a feed forward signal, 

feedback signal operating means provided with a vehicle behavior state variable signal operating circuit 
having a tWrd coefficient circuit for multiplying with a coefficient the signals for variables representing 
vehicle behaviors and output from said vehicle behavior sensor, said vefdcle behavior state variable signal 
operating circuit outputting a signal as a feedback signal, and 

control signal operating means provided witii an adder/subtracter for calculating a difference or a sum 
of signals output from said feed forward signal operating means and said feedback signal operating means 
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9. An apparatus according to claim 8, wherein said gain deciding meana in said gain changing means 
compri^ea: 

a memory for calculating gain values for optimizing vehicle motion fn a state of the necessity of 
stability and controllability and for storing calculated results: and 
5 a gain selector for selecting the gains by selecting the gain values calculated In tfie state of the 

necessity of stability and controllability from said memory, on the basis of the detennlnation result from said 
vehicle state determining means. 

10. An apparatus according to claim 8, wherein said gain deciding means in said gain changing means 
comprises a memory for storing a stability priority gain for increasing vehlde stabifity and a response 

10 priority gain for increasing the vehicle response, and a gain caJcuiation section for weighting these two 
gains on tiie basis of the determinatfon value from said vehicle state determining means and calculating 
gains suitable for the cun^nt situation. 

1 1 . An apparatus according to claim 2. wherein said gain changing means comprises: 

vehicle behavior state variable estimating means for estimating the variables representing vehicle 
15 behaviors on tiie basis of tiie steering angle signal output from said steering sensor and tiie signals for 
vehicle travel stete variable with the vehicle travel and output f^om said vehicle state detection sensor; 

u estimating means for estimating a friction value (ix) between the vehicle wheels and the road surface 
on the basis of a vehicle t)6havior state variable estimation signal output from said vehicle behavior state 
variable estimating means and the signals for variables representing the vehicle behaviors and output ft-om 
20 said vehicle behavior sensor; and 

coefficient circuit coefficient changing means for changing tiie coefficient of at least one of said first, 
second, and tiiird coefficient circuits on the basis of an estimated u signal output from said u estimating 
means. 

an optimal gain being supplied to said at least one of said first, second, and third coefficient circuite. 
25 12. An apparatus according to claim 2. wherein said gain changing means comprises: 

means for estimating tiie variables representing the vehicle behaviors on tiie basis of the steering 
control signal output from said control signal operating means and the signals for vehicle travel state and 
output from said vehicle stete detection sensor 

ii estimating means for estimating a friction value on tiie basis of tite signals for estimating the state 
30 variables being output from said stete variable estimating means, and tiie signals for variables representing 
vehide behaviors and output from said vehicle behavior sensor; 

slip ratio calculating means for calculating slip ratios of the vehicle wheels on the basis of the signals 
for vehicle travel state and output from said vehicle state detection sensor and vehicle wheel velocities, 

road suriace shape estimating means for estimating road suHace shapes on the basis of the signals for 
OS vehide travel variables with the vehicle travel and output from said vehicle state detection sensor, and/br 
the sensor abnormality detecting means for detecting abnormalities of said steering sensor, said vehicle 
behavior sensor, and said vehicle state detection sensor; and 

coefficient circuit coefficient changing means for changing the coefficient of at least one of said first, 
second, and tinird coefficient circuits on tiie basis of an estimated u signal output from said u estimating 
40 means, and said slip ratio signals^ said road surface shape signals and/or said sensor abnormality detection 
signals. 
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FIG. 17 
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